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(57) ABSTRACT 

An apparatus comprising a first circuit and a second circuit. 
The first circuit may be configured to (i) generate a sorted 
list of permanent unique identifiers according to predeter- 
mined criteria and (ii) associate a logical identification with 
a physical address identifier using the sorted list. The second 
circuit may be configured to manage communications 
between a host and a target. Hie second circuit may (i) 
communicate with the host using the logical identification 
and (ii) communicate with the target using the physical 
address identifier. The communications between the host 
and the target may be unaffected by changes in the physical 
address identifier. The function of the first circuit and/or the 
second circuit may be implemented, among other examples, 
in software and/or firmware. 

22 Claims, 4 Drawing Sheets 
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example where the circuit 108 may add the LJD for a 
particular target device 106tf-106/j to a service parameter 
block of the particular target device. I-'IG. 4(b) illustrates an 
example where the circuit 108 may maintain a list of LIDs 
and a list of serv ice parameter blocks 120^-120/7. llic LIDs 
may be associated to the respective WWN using address 
pointers to the respective service parameter block. FIG. 4(c) 
illustrates an example where the circuit 108 may maintain 
separate lists for the LIDs, the WWNs, and the service 
parameter blocks 120^-120/1 that may contain the physical 
address identifiers. Address pointers may be used to form the 
associations between the LIDs, the WWNs, and the physical 
address identifiers. However, other methods of forming the 
associations may be implemented to meet the design criteria 
of a particular application. 

Referring to FIG. 5, a flow chart of an example start up 
(e.g., loop initialization) operation of the circuit 100 is 
shown. Upon power up or loop initialization, the circuit 100 
generally runs through a process to discover all target 
devices 106a-106/j connected to the loop/fabric 104 (e.g., 
block 200). llic target devices 106^-106/1 arc generally 
sorted by WWN (e.g., block 202) and assigned LIDs rel- 
evant to the sorted order of the WWNs (e.g., block 204). The 
LID to WWN mappings generally remain constant between 
power cycles of the circuit 100, regardless of the WWN to 
physical address identifier relationships. When a new target 
device 106r/-106/i is added to the loop (e.g., yes path of 
block 206), the WWN of the new target device is generally 
not sorted into the list. The WWN of the new target device 
is generally appended to the end of the sorted list of WWNs 
(e.g., block 208). An unused LID is generally associated 
with the WWN and the physical address identifier of the new 
target device (e.g., block 210). 

In the example mentioned above, where two independent 
loops are merged together, all LID to WWN mappings in the 
circuit 100 of the initial loop will generally remain 
unchanged, and unused LIDs will generally be assigned to 
the targets on the loop being merged in, regardless of any 
physical address identifier changes that might take place. 

In addition, LID to WWN mappings will generally remain 
constant across Initiator power cycles as long as no target 
devices 1 06^-1 06w are added to or removed from the loop 
104. The WWNs of the target devices 106«-106/j connected 
to the loop 104 arc generally sorted to handle the case where 
(i) no target devices were added to or removed from the loop 
104 and (ii) physical address identifiers have changed due to 
target devices having been physically moved or other ini- 
tiators added to or removed from the loop 104. The LID to 
WWN mappings will generally remain unchanged. Since the 
WWN is generally used to associate the LIDs and the 
physical address identifiers of the target devices 106tf-106/i, 
the LID to target mapping will generally also remain 
unchanged regardless of a physical address change. 

Referring to FIG. 6, a flow chart illustrating an alternative 
method that may provide a fixed LID tor one or more 
devices, including a boot device, is shown. An alternative 
embodiment of the present invention may allow for one or 
more devices, that may include a boot device, to persistently 
regain the same LID. l*hc circuit 100 may comprise a small 
amount of non-volatile memory. The LID and WWN of one 
or more devices, including the boot device, may be stored in 
the non-volatile memory. l*hc LID and WWN of a boot 
device will generally be stored in the non-volatile memory 
before any other device. After the circuit 100 has (i) powered 
up (e.g., block 300) and (ii) discovered and sorted the 
WWNs of the target devices 106^-106/1 (e.g., blocks 302 
and 304), the WWNs and the desired LIDs may be read from 
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the non-volatile memory (e.g., block 306). 'Ihc WWNs from 
the non-volatile memory may be inserted into the sorted list 
at a position determined by the corresponding LID from the 
non-volatile memory (e.g., block 308). The process of 

5 adding new target devices 106a-i06« is generally similar to 
the process described in connection with FIG. 3 (e.g., blocks 
312-316). The host 102 is generally able to boot using a 
partial la r target device on the loop 104, regardless of new 
target devices 106^-106/1 being added to or removed from 

io the loop 104. The amount of non-volatile memory may be 
adjusted to balance the number of fixed LIDs and cost. 

Although the present invention finds particular applica- 
tion in a Fibre Channel environment, it is not limited thereto. 
The method according to the present invention is applicable 

15 to any computing system, environment or standard where 
each target device of the system is assigned a unique 
permanent identifier, and must exchange that permanent 
identifier with other target devices of the system in order to 
exchange information. The present invention is applicable to 

20 any environment in which information, whether called login 
service parameters, WWNs or some other names, regarding 
particular devices and modules must be exchanged before 
communication can lake place. 

The function performed by the circuit 100 of FIG. 1 and 

25 or described in the flow diagrams of FIGS. 5 and 6 may be 
implemented using a conventional general purpose digital 
computer programmed according to the teachings of the 
present specification, as will be apparent to those skilled in 
the relevant art(s). Appropriate software coding can readily 

30 be prepared by skilled programmers based on the teachings 
of the present disclosure, as will also be apparent to those 
skilled in the relevant art(s). 

The present invention may also be implemented by the 
preparation of ASICs, FPGAs, or by interconnecting an 

35 appropriate network of conventional component circuits. 
The present invention thus may also include a computer 
product which may be a storage medium including instruc- 
tions which can be used to program a computer to perform 
a process in accordance with the present invention. The 

40 storage medium can include, but is not limited to, any type 
of disk including floppy disk, optical disk, CD-ROM, and 
magneto-optical disks, ROMs, RAMs, EPROMS, 
LLPROMS, Flash memory, magnetic or optical cards, or any 
type of media suitable for storing electronic instructions. 

45 While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without 
departing from the spirit and scope of the invention. For 
example, the present invention may be implemented along 
with one or more portions of U.S. Pal. No. 5,956,723, which 
is hereby incorporated by reference in its entirety. 
Whal is claimed is: 
1. An apparatus comprising: 

a first circuit configured to (i) store a sorted list of physical 
address identifiers of one or more target devices in a 
volatile storage medium, said list being sorted by 
permanent unique identifiers of said one or more target 
devices such that a position of each of said physical 

60 address identifiers in said list remains constant across 
power cyclings of said apparatus as long as said one or 
more target devices are unchanged and (ii) associate a 
logical identification with each physical address iden- 
tifier of said sorted list; and 

65 a second circuit configured to (i) couple a host to said one 
or more target devices, (ii) obtain said permanent 
unique identifiers and physical address identifiers of 
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said one or more target devices and generate said sorted 
list, (iii) communicate with said host using said logical 
identification and (iv) communicate with said one or 
more target devices using said physical address 
identifiers, wherein said communications between said 5 
host and said one or more target devices are unaffected 
by changes in said physical address identifier. 

2. The apparatus according to claim 1, wherein said 
apparatus comprises a Fibre Channel initiator. 

3. The apparatus according to claim 1, wherein said first 
circuit further comprises non-volatile memory. 1 

4. The apparatus according to claim 3, wherein said 
non- volatile memory contains said logical identification and 
said permanent unique identifier of one or more of said 
target devices. 

5. The apparatus according to claim 1, wherein said 15 
permanent unique identifier comprises a World Wide Node 
Name. 

6. The apparatus according to claim I, wherein said 
position in said list remains unchanged when said physical 
address identifier changes. 20 

7. The apparatus according to claim 1, wherein said one 
or more target devices comprise an FC-FCP device. 

8. The apparatus according to claim 1, wherein said 
physical address identifiers comprise one or more of an 
arbitrated loop physical address (AL„PA) and a destination -, 5 
address (D_ID). 

9. The apparatus according to claim I, wherein said first 

circuit comprises a volatile memory, wherein said logical 

identification, said permanent unique identifiers, and said 

physical address identifiers are stored and associated by 

. * w 

memory pointers. 

10. The apparatus according to claim 1, wherein said 
apparatus is connected to said one or more target devices by 
a Fibre Channel Arbitrated lx>op (FC-AL). 

11. The apparatus according to claim 1, wherein said 
apparatus is connected to said one or more target devices by -* 5 
a Fibre Channel Fabric to Loop Attachment (FC-FLA). 

12. An apparatus comprising: 

means for (i) storing a sorted list of physical address 
identifiers of one or more target devices in a volatile 
storage medium, said list being sorted by permanent «o 
unique identifiers of said one or more target devices 
such that a position of each of said physical address 
identifiers in said list remains constant across power 
cyclings of said apparatus as long as said one or more 
target devices arc unchanged and (ii) associating a 45 
logical identification with each physical address iden- 
tifier of said sorted list; and 

means for (i) coupling a host to said one or more target 
devices, (ii) obtaining said permanent unique identifiers 
and physical address identifiers of said one or more 50 
target devices and generating said sorted list, (iii) 
communicating with said host using said logical iden- 
tification and (iv) communicating with said one or more 
target devices using said physical address identifiers, 
wherein said communications belween said host and 
said one or more target devices arc unaffected by 55 
changes in said physical address identifiers. 

13. A method for providing persistent logical identifica- 
tion and communication in a network environment compris- 
ing the steps of: 

(A) storing a sorted list of physical address identifiers of 60 
one or more target devices in a volatile storage 
medium, wherein said list is sorted by permanent 
unique identifiers of said one or more target devices 
such that a position of each of said physical address 
identifiers in said list remains constant across power 65 
cyclings of said apparatus as long an said one or more 
target devices are unchanged and a logical identifica- 
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tion is associated with each physical address identifier 
of said sorted list; and 

(B) (i) coupling a host to said one or more target devices, 
(ii) obtaining said permanent unique identifiers and 
physical address identifiers of said one or more target 
devices and generating said sorted list, (iii) communi- 
cating with said host using said logical identification 
and (iv) communicating with said one or more target 
devices using said physical address identifiers, wherein 
said communications between said host and said one or 
more target devices arc unaffected by changes in said 
physical address identifiers. 

14. ITic method according to claim 13, wherein step A 
comprises the sub-steps of: 

(A-l) retrieving said permanent unique identifiers and 
corresponding physical address identifiers from one or 
more targets in said environment; 

(A-2) generating said sorted list of said permanent unique 
identifiers according to said predetermined criteria; 

(A-3) associating said logical identification to each of said 
permanent unique identifiers; 

(A-4) associating said logical identification to said corre- 
sponding physical address identifiers of said permanent 
unique identifiers; and 

(A-5) when one or more new targets arc added to said 
environment, appending a permanent unique identifier 
of each of said one or more new targets to said sorted 
list, associating an unused logical identification to each 
appended permanent unique identifier and correspond- 
ing physical address identifier of said one or more new 
targets. 

15. The method according to claim 13, wherein each of 
said permanent unique identifiers comprises a World Wide 
Node Name. 

16. The method according to claim 13, wherein each of 
said physical address identifiers changes. 

17. The method according to claim 13, wherein said 
network comprises a Fibre Channel Arbitrated Loop (FC- 
AL). 

IS. The method according to claim 13, wherein said 
network comprises a Fibre Channel Fabric to Loop Attach- 
ment (FC-FLA) standard network. 

19. The method according to claim 13, wherein the 
association of said logical identification to one of said 
physical address identifiers is based on a position of a 
corresponding one of said permanent unique identifier in 
said sorted list. 

20. The method according to claim 14, further comprising 
the sub-steps of: 

( A-2a) reading a permanent unique identifier and a logical 
identification of one or more target devices from a 
non-volatile memory; and 

(A-2b) inserting said permanent unique identifier of said 
one or more target devices into a position in said sorted 
list such that said permanent unique identifier of said 
one or more devices is associated with the same logical 
identification as was retrieved from said non-volatile 
memory. 

21. Ilic apparatus according to claim 1, wherein said 
association between said logical identification and each of 
said physical address identifiers is persistent between power 
cyclings of said apparatus. 

22. 'ITie apparatus according to claim 1, wherein said 
association between said logical identification and each of 
said physical address identifiers is persistent across a power 
cycling of said apparatus when no target devices have been 
added or removed since a previous power cycling. 

***** 
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ABSTRACT 


A cross-domain data transfer technique is disclosed in which 

fcp^gejKer^pr^gBCTC^M 

5ESJe'pnysiS^ 

$8m*alins: By passing physical memory addresses across 
domains instead of virtual memory addresses, the page 
remapping operations necessarily associated with passing 
virtual memory addresses across domains can be avoided in 
many cases. With the receipt of data across domains, page 
srmap pinpi^e Eatio^ 

is received in a domain that needs to touch the data. In 
certain cases, the transfer of data can be completed without 
ever having to map in the data to the receiving domain's 
address space. With the transmission of data across domains, 
where possible the pages are borrowed in their physical 
form. The invention can be embodied in many ways, includ- 
ing system, apparatus or method forms. 

18 Claims, 7 Drawing Sheets 
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the domain- 1 148, domain-2 152 and domain-3 156 desig- 
nated by reference numeral 178 illustrates the end result 
after the unlocking operation; namely, PAGE_C 174-4 is 
now again exclusively controlled by domain-3 156. 

Thus, it is possible with the invention to receive data from 5 
a network I/O subsystem and transfer it to a disk I/O 
subsystem without ever having to touch the data. With the 
receipt of data across domains, the remapping operations are 
able to be deferred until the data is received in a domain that 
needs to touch the data. In certain cases, the transfer of data 1Q 
can be completed without ever having to map in the data to 
the receiving domain's address space. With the transmission 
of data across domains, where possible the pages are bor- 
rowed in their physical form. 

The many features and advantages of the present inven- 
tion are apparent from the written description, and thus, it is 1 
intended by the appended claims to cover all such features 
and advantages of the invention. Further, since numerous 
modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and operation as illustrated and described. 20 
Hence, all suitable modifications and equivalents may be 
resorted to as falling within the scope of the invention. 

What is claimed is: 

1. A computer system, comprising: 

a network adapter that connects to a network, said net- 25 

work adapter including circuitry for performing data 

checksum operations; 
a computer and an operating system arranged to support 

multiple processes and multiple domains; 3Q 
a main memory having at least a portion thereof arranged 

in pages; and 

a virtual memory management unit, operatively con- 
nected to said computer and said memory, for manag- 
ing reads and writes to said memory using page map- 35 
ping information, 

wherein said operating system controls ownership of the 
pages in said memory using page ownership 
information, and 

wherein said computer system enables the receipt of a 40 
physical page of data transferred between domains by 
reassigning ownership of the physical page within the 
page owner ship information woWGmiupdat^g*lheipage» 

^n^ping' ySfiDTnTa tion^ associ ated with said virtual 
memory management unit until the domain obtaining 45 
ownership needs to read the data. 

2. A computer system as recited in claim 1, wherein the 
page mapping information includes data for translating 
virtual memory addresses to physical addresses. 

3. A computer system as recited in claim 1, wherein said 50 
virtual memory management unit comprises a translation 
mapping device for mapping virtual memory addresses to 
physical addresses. 

4. A computer system as recited in claim 1, wherein said 
operating system has physical buffers and virtual buffers 55 
associated with each of the multiple domains, the physical 
buffers point to said main memory and the virtual buffers 
point to virtual memory. 

5. A computer system as recited in claim 4, wherein said . 
network adapter receives incoming packets of data, each 60 
packet includes a header and data, and 

wherein the header is placed in one of the virtual buffers 
and the data is placed one or more of the physical 
buffers. 

6. A computer system as recited in claim 1, wherein said 65 
computer system enables the transmission of a physical page 

of data across domains by borrowing the physical page. 
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7. A computer system as recited in claim 6, wherein said 
computer system further enables the transmission of the 
physical page across domains by locking the page ownership 
information associated with the borrowed page while the 
physical page is being borrowed. 

8. A computer system as recited in claim 7, wherein the 
original owner of the borrowed page is restricted to read- 
only access while the physical page is being borrowed. 

9. A computer system as recited in claim 6, wherein the 
transfer of the page of data is invoked by a data request, 

wherein said operating system comprises means for deter- 
mining whether the requested page of data being 
received is one of a virtual address request and a 
physical page memory request, 

wherein when the requested page is the physical page 
memory request, said operating system controls the 
reassigning of ownership of the physical page within 
the page ownership information without updating the 
page mapping information, and 

wherein when the requested page is the virtual address 
request, said operating system controls the reassigning 
of ownership of the physical page within the page 
ownership information and said operating system 
together with said virtual memory management unit 
update the page mapping information. 

10. A computer system as recited in claim 6, wherein said 
operating system has physical buffers and virtual buffers 
associated with each of the multiple domains, the physical 
buffers point to said main memory and the virtual buffers 
point to virtual memory. 

11. Acomputer system as recited in claim 10, wherein said 
network adapter receives incoming packets of data, each 
packet includes a header and data, and 

wherein the header is placed in one of the virtual buffers 
and the data is placed one or more of the physical 
buffers. 

12. A computer readable medium including computer 
program code for transferring a block of data associated with 
a first domain to a second domain, the first and second 
domains are associated with a computer system that supports 
multiple domains and virtual memory, said computer read- 
able medium comprising: 

computer program code for receiving a request at a first 
domain from a second domain for a block of data 
residing on a portion of physical memory assigned to 
the first domain; 

computer program code for reassigning ownership of the 
block of data requested from the first domain to the 
second domain; 

computer program code for determining whether the 
block of data requested is one of a virtual address 
request and a physical memory request; and 

computer program code for remapping virtual addresses 
in accordance with said computer program code for 
reassigning when said computer program code for 
determining determines that the data request is the 
virtual address request and not when said computer 
program code for determining determines that the data 
request is the physical memory request, 

wherein burdensome remapping operations are avoided or 
at least deferred until said computer program code for 
determining determines that a data request is a virtual 
address request for the reassigned block of data. 

13. A computer readable medium as recited in claim 12, 
wherein the physical memory includes a plurality of pages, 
and the portion of the physical memory storing the block of 
data is one or more pages of the physical memory. 
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14. A computer readable medium as recited in claim 12, 
wherein the block of data is one or more pages of the 
physical memory, and the physical memory request is a 
physical page memory request. 

15. A computer readable medium as recited in claim 14, 5 
wherein said computer program code for reassigning of 
ownership comprises computer program code for flipping 
the physical page requested at the first domain with a 
physical page of the second domain. 

16. A computer readable medium as recited in claim 12, 10 
wherein the virtual address request is a read request that will 


,657 Bl 

14 

need to touch the data, and the physical memory request is 
a read request that will not need to touch the data. 

17. A computer readable medium as recited in claim 16, 
wherein the remapping performed by said computer pro- 
gram code for remapping is deferred until a read request for 
the data being transferred needs to touch the data. 

18. A computer readable medium as recited in claim 16, 
wherein the first domain is a network domain and the second 
domain is a kernal domain. 

***** 
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[57] ABSTRACT 

A cross-domain data transfer technique is disclosed in which 
page *rema^ing«operaUons»are«elmiiiiated* in situations 
where physical memory addresses can be passed across 
domains. By passing physical memory addresses across 
domains instead of virtual memory addresses, the page 
rema]^ing*oper^ 
\rirtualimsirfara^a<kk ^ 

<many*cases > . With the receipt of data across domains, page 
remapping operations are able to be deferred until the data 
is received in a domain that needs to touch the data. In 
certain cases, the transfer of data can be completed without 
ever having to map in the data to the receiving domain's 
address space. With the transmission of data across domains, 
where possible the pages are borrowed in their physical 
form The invention can be embodied in many ways, includ- 
ing system apparatus or method forms. 
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after the unlocking operation; namely, PAGE__C 1744 is 3. A computer system as recited in claim 1, wherein said 

now again exclusively controlled by domain-3 156. . virtual memory management unit comprises a translation 

Thus, it is possible with the invention to receive data from mapping device for mapping virtual memory addresses to 

a network I/O subsystem and transfer it to a disk I/O physical addresses. 

subsystem without ever having to touch the data. With the 5 4. A computer system as recited in claim 1, wherein said 

receipt of data across domains, the remapping operations are operating system has physical buffers and virtual buffers 

able to be deferred until the data is received in a domain that associated with each of the multiple domains, the physical 

needs to touch the data. In certain cases, the transfer of data buffers point to said main memory and the virtual buffers 

can be completed without ever having to map in the data to P°int to virtual memory. 

the receiving domain 1 s address space. With the transmission 10 5 - A computer system as recited in claim 4, wherein said 

of data across domains, where possible the pages are bor- network adapter receives incoming packets of data, each 

rowed in their physical form. packet includes a header and data, and 

The many features and advantages of the present inven- wherein the header is placed in one of the virtual buffers 

tion are apparent from the written description, and thus, it is and the data is placed one or more of the physical 

intended by the appended claims to cover all such features 15 buffers. 

and advantages of the invention. Further, since numerous <»• A computer system as recited in claim 1, wherein said 

modifications and changes will readily occur to those skilled computer system enables the transmission of a physical page 

in the art, it is not desired to limit the invention to the exact of data across domains by borrowing the physical page, 

construction and operation as illustrated and described. 7. A computer system as recited in claim 6, wherein said 

Hence, all suitable modifications and equivalents may be 20 computer system further enables the transmission of the 

What is claimed is : physical page across domains by locking the page ownership 

1. A computer system, comprising: information associated with the borrowed page while the 

a network adapter that connects to a network, said net- ^/f W fa being borrowed. 

„, . m AmZZm f~ ~~,^™;™ &• A computer system as recited in claim 7, wherein the 

™ 1 only access while the physical page is being borrowed. 

a computer and an operating system arranged to support . 9 A computer system as rccited in claim 6% wherei n said 

multiple processes and multiple domains; operating system has physical buffers and virtual buffers 

a main memory having at least a portion thereof arranged associated with each of the multiple domains, the physical 

in pages; and 30 buffers point to said main memory and the virtual buffers 

a virtual memory management unit, operatively con- point to virtual memory. 

nected to said computer and said memory, for manag- 10. A computer system as recited in claim 9. wherein said 

ing reads and writes to said memory using page map- network adapter receives incoming packets of data, each 

ping information. packet includes a header and data, and 

wherein said operating system controls ownership of the 35 wherein the header is placed in one of the virtual buffers 

pages in said memory using page ownership and the data is placed one or more of the physical 

information. buffers. 

wherein said computer system enables the receipt of a 11. In a multitasking computer system supporting mul- 

physical page of data transferred between domains by tiple domains and virtual memory, a method for transferring 

reassigning ownership of the physical page within the 40 a block of data associated with a first domain to a second 
page ownership information ^ith^u^upfotingnhetpage^ domain, said method comprising the steps of: 

•mappi tfg™inTorm^tio^a ss ociated with said virtual ( a ) receiving a request at a first domain from a second 

memory management unit until the domain obtaining domain for a block of data residing on a portion of 

ownership needs to read the data, such that burdensome physical memory assigned to the first domain; 

page^eniaT^mg T o^tions«areabe»avoidfid or at least 45 ^ reassigning ownership of the block of data requested 

deferred until needed, from the first domain to the second domain; 

wherein the transfer of the page of data is invoked by a ( c ) determining whether the block of data requested is one 

data request Q f a virtual address request and a physical memory 

wherein said operating system comprises means for deter- 50 request; and 

mining whether the requested page of data being ^ remapping virtual addresses in accordance with said 

received is one of a virtual address request and a reassigning step (b) when said deterniining step (c) 

physical page memory request. determines that the data request is the virtual address 

wherein when the requested page is the physical page request and not when said determining step (c) deter- 

memory request, said operating system controls the 55 mines that the data request is the physical memory 

reassigning of ownership of the physical page within requests, 

the page ownership information without updating the wherein burdensome remapping operations arc avoided or at 

page mapping information, and least deferred until said determining step (c) determines that 

wherein when the requested page is the virtual address a data request is a virtual address request for the reassigned 

request, said operating system controls the reassigning 60 block of data. 

of ownership of the physical page within page owner- 12. A method as recited in claim 11. wherein the physical 

ship information and said operating system together memory includes a plurality of pages, and the portion of the 

with said virtual memory management unit update the physical memory storing the block of data is one or more 

page mapping information. pages of the physical memory. 

2. A computer system as recited in claim 1, wherein the 65 13. A method as recited in claim 11. wherein the block of 
page mapping information includes data for translating data is one or more pages of the physical memory, and the 
virtual memory addresses to physical addresses. physical memory request is a physical page memory request. 
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14. A method as recited in claim 13. wherein said reas- 
signing step (b) of ownership comprises flipping the physi- 
cal page requested at the first domain with a physical page 
of the second domain. 

15. A method as recited in claim 11. wherein the virtual 
address request is a read request that will need to touch the 
data, and the physical memory request is a read request that 
will not need to touch the data. 


14 


16. A method as recited in claim 15, wherein said remap- 
ping step (d) is deferred until a read request for the data 
being transferred needs to touch the data. 

17. A method as recited in claim 15. wherein the first 
domain is a network domain and the second domain is a 
kernal domain. 
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Translation type mapping in gateway signaling 

network, involves referring mapping table for 

mapping translation type of local signaling network into 

that of non-local signaling network 

Abstract (Basic) : 

. . . The translation type information of non-local 

signaling network is defined in a mapping table. 

Translation type of that network, in the SCCP message received 

by adjacent non-signaling network is '.mapped by referring the 

table. The translation type of local signaling network 

contained in SCCP message sent to adjacent non-local signaling network 

is mapped into translation type of non-local 

signaling network by referring the table. 

. . . For mapping different translation type in gateway 


signaling network used to provide global title translation 
service, signaling connection control part (SCCP) service... 

...Provides interworking SCCP service without a modification 
of a signaling network and suspension. of service as desired by 
efficient mapping. 


...The figure shows the flowchart illustrating translation 

type mapping definition process 
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(57) ABSTRACT 

A method for performing the translation type mapping in the 
No. 7 gateway signaling network includes defining transla- 
tion type information on a non-local signaling network in a 
translation type mapping table according to a manager's 
request; mapping a translation type of the non-local signal- 
ing network contained in the SCCP message received by the 
neighboring (adjacent) non-local signaling network by 
searching the translation type mapping table; and mapping a 
translation type of a local signaling network contained in the 
SCCP message transmitted to the adjacent non-local signal- 
ing network into the translation type of the non-local sig- 
naling network by searching the translation type mapping 
table. 

15 Claims, 4 Drawing Sheets 
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modification of a signaling network, a suspension of a 
service and a novel definition of a translation type. 

The foregoing embodiments and advantages are merely 
exemplary and arc not to be construed as limiting the present 
invention. The present teaching can be readily applied to 5 
other types of apparatuses. The description of the present 
invention is intended to be illustrative, and not to limit the 
scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. In the 
claims, raeans-plus-function clauses are intended to cover 10 
the structures described herein as performing the recited 
function and not only structural equivalents but also equiva- 
lent structures. 

What is claimed is: 

1. A method for mapping a translation type in a No. 7 15 
gateway signaling network, comprising: 

defining translation type information of a first signaling 
network in a translation type mapping table; 

mapping a translation type contained in a signaling con- 
nection control part (SCCP) message of the first sig- 20 
naling network received from an adjacent signaling 
network into a translation type of a second network by' 
searching the translation type mapping table; 

mapping a translation type of the second signaling net- 
work contained in a SCCP message to be transmitted to 25 
the adjacent signaling network into the translation type 
of the first signaling network by searching the transla- 
tion type mapping table; and 

inserting the mapped translation type into a same field of 
a protocol used to communicate between the first and 30 
second signaling networks such that a structure of the 
protocol is not changed. 

2. The method of claim 1, wherein the translation type 
mapping table comprises a receiving translation type table 
configured to resolve the translation type of the second 35 
signaling network with at least one of a translation type of 
an originating signaling network transmitting the SCCP 
message and the translation type of the first signaling 
network contained in the SCCP message. 

3. The method of claim 1, wherein the translation type 40 
mapping table comprises a transmitting translation type 
table configured to resolve a translation type of a terminating 
signaling network with at least one of a translation type of 
the terminating signaling network to receive the SCCP 
message and the translation type of the second signaling 45 
network contained in the SCCP message. 

4. The method of claim 1, wherein defining the translation 
type information comprises: 

receiving translation type mapping information according 

to a request to define a translation type mapping for the 50 

first signaling network; 
storing the translation type mapping information in the 

translation type mapping table; and 
transferring the translation type mapping information to a 

processor to perform a translation type mapping func- 55 

tion. 

5. The method of claim 4, wherein if the second signaling 
network is defined as a gateway signaling network, the 
translation type used by the first signaling network is defined 

in a SCCP signaling network, and the first signaling network 60 
is defined in the signaling network of the gateway. 

6. The method of claim 4, wherein the translation type 
mapping information comprises the second signaling net- 
work translation type information. 

7. The method of claim 4, wherein the translation type 65 
mapping information comprises information related to the 
first signaling network as a mapping object. 
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8. The method of claim 4, wherein the translation type 
mapping information comprises the translation type infor- 
mation of the first signaling network as a mapping object. 

9. The method of claim 1, wherein mapping the transla- 
tion type of the message received from the first network 
comprises: 

searching an originating signaling network transmitting 
the SCCP message if the SCCP message is received 
from a signal link interworked with the adjacent sig- 
naling network, and searching the translation type 
contained in the SCCP message of the first signaling 
network if the originating signaling network is the first 
signaling network; 

determining whether the translation type of the second 
signaling network corresponding to the translation type 
of the first signaling network exists by searching the 
receiving translation type mapping table with the 
resolved translation type of the first signaling network; 
and 

mapping the translation type of the first signaling network 
contained in the SCCP message into the translation type 
of the second signaling network, if the translation type 
of the second signaling network corresponding to the 
translation type of the first signaling network exists. 

10. The method of claim 1, wherein mapping the trans- 
lation type of the message to be transmitted comprises: 

searching the translation type of the second signaling 
network contained in the SCCP message to be trans- 
mitted if a terminating signaling network is the first 
signaling network; 

determining whether the translation type of the first 
signaling network corresponding to the translation type 
of the second signaling network exists by searching the 
transmitting translation type mapping table with a 
resolved translation type of the second signaling net- 
work; and 

mapping the translation type of the second signaling 
network contained in the SCCP message to be trans- 
mitted into the translation type used by the terminating 
network, if the translation type of the first signaling 
network corresponding to the translation type of the 
second signaling network exists. 

11. A method of transmitting a signaling connection 
control part (SCCP) message from a first network to a 
second network, comprising: 

generating a first SCCP signal having a first translation 
type; 

transmitting the first SCCP signal from a first network; 
searching a translation type mapping table for a definition 

corresponding to the first translation type; 
receiving the first SCCP signal by a second network 

having a second translation type; 
mapping the first translation type to the second translation 

type according to the definition from the translation 

type mapping table; and 
inserting the mapped second translation type into a same 

octet as the first Iranslalional type of a protocol used to 

communicate between the first and second networks. 

12. A method of mapping a translation type in a common 
channel signaling network, comprising: 

identifying a first translation type of a first network based 
on a signaling connection control part (SCCP) mes- 
sage; 

searching a look-up table for a second translation type of 
a second network corresponding to the first translation 
type; 
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mapping the first translation type to the second translation 
type in accordance with a definition of the look-up 
table; and 

wherein the first and second networks use the same 
protocol structure to communicate with each other and 5 
the mapped second translation type is placed in a same 
position of the protocol as the first translation type. 

13. The method of claim 12, wherein the look-up table 
comprises one of a receiving translation type mapping table 
and a transmitting translation type mapping table. to 

14. The method of claim 13, wherein the transmitting 
translation type mapping table is configured to resolve a 
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translation type of a terminating signaling network with at 
least one of a translation type of the terminating signaling 
network to receive the SCCP message and the translation 
type of the second network contained in the SCCP message. 

15. The method of claim 13, wherein the receiving 
translation type mapping table is configured to resolve the 
translation type of the second network with at least one of a 
translation type of an originating signaling network trans- 
mitting the SCCP message and the translation type of the 
first signaling network contained in the SCCP message. 

***** 
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Address mapping gateway for use in 
internetwork link - . . . 

. . .has pair of translation units which substitutes domain 
network address and gateway-mapped node address in 
place of network number and node address and vice versa, 
respectively 

. . .Abstract (Basic) : The gateway receives a first data packet 
with a network layer header including a network layer address, 
from a source node (342) within a domain. The network 
layer address includes a node address and network number 
of a local network which includes the source node. A 
gateway-mapped node address that is unique within the domain, is 
generated. An address mapping table with several 
mapping entries, each of which is associated with a node 
in the domain. Each mapping entry includes the node 
address, the network number and the corresponding 
gateway-mapping bode ad- dress. A. first translation unit 
substitutes the domain network address and the gateway- 
mapped node address in place of the network number and 
the node address in a packet generated by a node in the 
domain, respectively. A second data packet including 
network layer header with network layer address, is received in 
the destination node in the domain. The network layer 


address in the second packet includes gateway- 
mapped node address and the domain, network 
address. A second translation unit substitutes the 
network number and the node address in the second packet, 
in place of the domain network address, and the gateway- 
mapped node address, respectively. . . 

...ADVANTAGE - Maintains translation exemption table 
containing non- trans la table network numbers by gateway, 
so as to prevent translation of certain local network 
addresses that is to be made available to backbone. Enables 
address mapping gateway to explicitly advertise 
non- translatable network numbers, rather than 
translating addresses of nodes on non- 
translatable network number. Eliminates need for backbone 
to maintain different network number for each local network in 
the internetwork. Ena- bles addressing to be compatible with any 
intra-domain and inter-domain routing protocol... 
Title Terms: ADDRESS; 
Manual Codes (EPI/S-X) : T01-H01A. . . 
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[57] ABSTRACT 

'llie present invention is an address mapping gateway, used 
in an internetwork link, that associates all nodes in a domain 
with a single network number (referred to as a domain 
network address), and provides gateway-mapped node 
addresses that are unique within the domain. The address 
mapping gateway dynamically substitutes the "globally- 
unique" domain network address and the "domain-unique" 
gateway-mapped node address for a network number and 
node address, respectively, of a network layer address of a 
packet header received from a source node in the domain. 
Conversely, when a packet is received for a destination node 
in the domain, the address mapping gateway substitutes the 
originally-assigned network number and node address for 
the domain network address and gateway-mapped node 
address, respectively, prior to forwarding the packet to the 
node. Specifically, the address mapping gateway maintains 
an address mapping table lhal provides a cross-reference 
between (1) a source node address and the network number 
of the local network in which the node resides, and (2) a 
gateway-mapped node address generated by the address 
mapping gateway. Upon receipt of a packet from the source 
node, the address mapping gateway creates a mapping entry 
in the address mapping table that node and performs an 
address translation to a globally-unique network layer 
address. On the other hand, upon receipt of a packet destined 
for a destination node in the domain, the address mapping 
gateway locates the mapping entry for the packet's gateway- 
mapped node address and performs a reverse address trans- 
lation to the originally-assigned network layer address. 

14 Claims, 6 Drawing Sheets 
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Address mapping gateway 308 then forwards the packet 
to gateways 306 and 310, replacing the domain network 
address in the network address number field 402 with the 
internal network address 51: A and the gateway-mapped 
node address in one message and 75 :C in another. Address 
mapping gateway 308 will then discard the packet. Address 
mapping gateway 306 will discard the packet since it does 
not have a mapping entry' for a node address of Z. However, 
gateway 310 does have such an entry and, upon receipt, will 
replace its internal network address of 75 :C in the network 
address field 402 with the network number 25 of the local 
network 3 IK and the node address X of node 342, and 
forward the packet to destination node 342. Gateway 310 
also sends a mapping entry update message to gateway 308, 
providing it with the association of network address 25 :X to 
the gateway-mapped node address Z. The gateway 308 then 
updates its address mapping table 500 accordingly. 

It should be understood that embodiments of the present 
invention can be implemented in hardware, software or a 
combination thereof. In such functional components, the 
steps they perform would be implemented in hardware 
and/or software to perform the functions of the present 
invention. Furthermore, the present invention may be imple- 
mented in a standardized software program stored in any 
type of computer-readable medium. Any presently available 
or future developed computer software language can be 
employed in such embodiments of the present invention. 
Furthermore, the present invention may be implemented in 
dedicated circuits of conventional design with those skilled 
in the art. Any presently available or future developed 
circuitry can be employed in such embodiments of the 
present invention. 

Furthermore, the terms and expressions which have been 
employed are used as terms of description and not of 
limitation, and there is no intention, in the use of such terms 
and expressions, of excluding any equivalents of the features 
shown and described or portions thereof, but it is recognized 
that various modifications are possible within the scope* of 
the invention claimed. 

What is claimed is: 

1. An address mapping gateway for use in an internetwork 
link, for representing substantially all nodes in a domain as 
being associated with a domain network address, compris- 
ing: 

means for receiving a first packet from a source node 
within the domain, said first packet having a network 
layer header including a network layer address, said 
network layer address comprising a node address and a 
network number of a local network including said 
source node; 

means for generating a gateway-mapped node address 
that is unique within the domain; 

an address mapping table having one or more mapping 
entries, each said mapping entry associated with a node 
within the domain and including said node address, 
said network number, and said gateway-mapped node 
address; 

means for creating said mapping entries in said address 
mapping table; 

first translation mcaas for substituting the domain net- 
work address in place of said network number and for 
substituting said gateway-mapped node address in 
place of said node address in a packet generated by a 
node in the domain; 

means for receiving a second packet for a destination 
node in the domain, said second packet having a 


20 


30 


35 


40 


55 


60 


65 


network layer header including a network layer 
address, said network layer address comprising said 
gateway-mapped uode address and said domain net- 
work address; and 
second translation means for substituting said network 
number and said node address in place of said domain 
network address and said gateway-mapped node 
address, respectively, of said second packet. 

2. In an internetwork having two or more local networks 
interconnected by one or more internetwork links, a method 
for addressing nodes in an internetwork link, said method 
comprising the steps of: 

(a) generating a domain network address to represent 
substantially all the nodes in a domain, wherein said 
domain network address is a unique network number 
within the internetwork; 

(b) receiving a packet generated by a source node within 
said domain, said packet including a source node 
address header field having a source network number of 
a local network including said source node, and a 
source node address of said source node; 

(c) generating a gateway-mapped node address for said 
source node, wherein said gateway-mapped node 
address is unique within said domain, said step of 
generating comprising the steps of 

(1) determining whether said source node address is 
unique within said domain; 

(2) assigning a first value to said gateway-mapped node 
address equivalent to said source node address when 
said source node address is unique within said 
domain; 

(3) assigning a second value to said gateway-mapped 
node address when said source node address is not 
unique within said domain, wherein said second 
value is a node address value unique within said 
domain; and 

(d) substituting said domain network address and said 
gateway-mapped node address in place of said source 
network number and said source node address, 
respectively, in said source node address header field. 

3. In an internetwork link of an internetwork, a method for 
representing substantially all nodes in a domain as being 
associated with a single network number, the method com- 
prising the steps of: 

(a) receiving a packet from a first node within the domain, 
said packet having a network layer header with a first 
network layer address, said network layer address 
including a network number of a local network in 
which said first node resides, and an originally- 
assigned node address of said first node; 

(b) translating said first network layer address to a second 
network layer address, wherein said second network 
layer address is unique within the internetwork, and 
said step of translating includes the steps of 

(1) generating a domain network number of said second 
network layer address, wherein said domain network 
number is unique within the internetwork; 

(2) generating a gateway-mapped node address of said 
second network layer address, w r herein said gateway- 
mapped node address is unique within the domain, 
and comprising the steps of 

a) determining whether said node address is unique 
within the internetwork; 

b) setting said gateway-mapped node address to said 
node address when said node address is a unique 
node address; 
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c) combining said network number of said local 
network and said originally- assigned node address 
to create a domain -unique gateway-mapped node 
address value when said node address is not 
unique within the domain; and 5 
(3) replacing said first network layer address with said 

second network layer address in said network layer 

header of said packet. 

4. An address mapping gateway for associating substan- 
tially all nodes in a domain with a domain network address, 10 
comprising: 

means for receiving a packet from a first node within the 
domain, said packet having a network layer header 
including a network layer address, said network layer 
address comprising a node address of said first node 15 
and a network number of a local network including said 
first node; 

means for providing a gateway-mapped node address for 
said first node, wherein said gateway-mapped node 
address is unique within the domain, and said means for 20 
providing includes 

a) means for determining whether said node address is 
unique within the domain; 

b) means for assigning a first value to said gateway- <, 5 
mapped node address equal to said node address when 
said node address is unique within the domain, and for 
assigning a second value to said gateway-mapped node 
address that is unique within the domain when said 
node address is not unique within the domain; 30 

means for substituting the domain network address for 
said network number and for substituting said gateway- 
mapped node address for said node address in said 
packet; 

means for receiving a second packet, destined for said first 35 
node, said second packet having a second network 
layer header with a second network layer address, said 
second network layer address including said domain 
network address identifying said local network includ- 
ing said first node and said gateway-mapped node 40 
address to identify said first node; and 

means for substituting said network number and said node 
address in place of said domain network address and 
said gateway-mapped node address of said second 
packet, respectively. 45 

5. The address mapping gateway of claim 4, wherein the 
domain is accessible through a plurality of internetwork 
links each having an address mapping gateway, wherein 
each said address mapping gateway comprises: 

means for fonvarding a packet to other of said plurality of 
address mapping gateways when said address mapping 
gateway does not have a mapping entry associated with 
a destination node identified by a network layer address 
of said packet; and 

means tor providing one or more other address mapping 
gateways with a mapping entry from said address 
mapping table. 

6. In an internetwork having two or more domains inter- 
connected by one or more internetwork links, a method for 60 
addressing nodes in an internetwork link to a domain which 
comprises a plurality of local networks, comprising the steps 
of: 

(a) generating a domain network address to represent 
substantially all the nodes in the domain, wherein said 65 
domain network address is a unique network number 
within the internetwork; 
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(b) receiving a packet generated by a source node within 
said domain, said packet including a source node 
address header field having a source network number of 
a local network including said source node, and a 
source node address of said source node; 

(c) referencing a translation exemption table containing 
non-translatable network numbers and performing 
steps (d) and (c) when said translation exemption table 
does not contain said source network number; 

(d) generating a gateway-mapped node address for said 
source node, wherein said gateway-mapped node 
address is unique within said domain; 

(e) substituting said domain network address and said 
gateway-mapped node address in place of said source 
network number and said source node address, 
respectively, in said source node address header field; 

(t) creating a mapping entry into an address mapping table 
having one or more mapping entries, said mapping 
entry associated with said source node and including a 
node address field for storing said source node address, 
a network number field for storing said source network 
number, and a mapped node address field for storing 
said gateway-mapped node address. 

7. The method of claim 6, further comprising the steps of: 

(a) receiving a packet for a destination node in said 
domain, said packet having a destination node address 
header field including said domain network address and 
said gateway- mapped node address; and 

(b) substituting a destination network number of a second 
local network within said domain and a destination 
node address of a node within said second local net- 
work in place of said domain network address and said 
gateway-mapped node address, respectively. 

8. The method of claim 6 further comprising the step of 
advertising said non-translatable network numbers into the 
internetwork. 

9. The method of claim 6 further comprising the steps of: 

(a) receiving, at a first internetwork link of said one or 
more internetwork links, a packet for a destination node 
in said domain, said packet having a destination node 
address header having a network number equivalent to 
said domain network address, and a destination node 
address not equivalent to a gateway-mapped node 
address in a first address mapping table of said first 
internetwork link; 

(b) forwarding said packet to a second internetwork link 
of said plurality of internetwork links; 

(c) searching gateway-mapped node addresses in a second 
address mapping table in said second internetwork link 
for a value equivalent to said destination node address; 

(d) retrieving from said second address mapping table, a 
network number of a local network and a node address 
of said destination node; and 

(e) substituting, by said second internetwork link, said 
network number and said node address in place of said 
domain network address and said destination node 
address, respectively, in said packet. 

10. The method of claim 9 further comprising the step of 
providing, by said second internetwork link, said source 
network number and said source node address to said first 
internetwork link. 

11. In an internetwork link of an internetwork, a method 
for representing substantially all nodes in a domain as being 
associated with a single network number, the method com- 
prising the steps of: 
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(a) receiving a packet from a first node within the domain, 
said packet having a network layer header with a first 
network layer address, said network layer address 
including a network number of a local network in 
which said first node resides, and an originally- 
assigned node address of said first node; 

(b) translating said first network layer address to a second 
network layer address, wherein said second network 
layer address is unique within the internetwork, and 
wherein the step of translating further comprises the 
steps of: 

(i) generating a domain network number of said second 
network layer address, wherein said domain network 
number is unique within the internetwork; 

(ii) generating a gateway-mapped node address of said 
second network layer address, wherein said gateway- 
mapped node address is unique within the domain; 
and 

(iii) replacing said first network layer address with said 
second network layer address in said network layer 
header of said packet; 

(c) receiving a second packet, said second packet having 
a second network layer header with a second network 
layer address, said second network layer address 
including a network number portion having a value 25 
equivalent to said domain network number, and a node 
address portion having a value equivalent to said 
gateway-mapped node address; 

(d) substituting said first network number and said node 3Q 
address in place of said domain network address and 
said gateway- mapped node address, respectively, to 
translate said second network layer address to said first 
network layer address; 

(e) referencing a translation exemption table containing 35 
non-translatable network numbers; and 

(f) performing said step (b) when said translation exemp- 
tion table does not contain said network number of said 
local network. 

12. The method of claim 11, further comprising the step 40 

of: 

(g) advertising said no n -translatable network numbers 
and said domain network number into the internetwork. 

13. An address mapping gateway for associating substan- 
tially all nodes in a domain with a domain network address, 45 
the address mapping gateway comprising: 


(a) means for receiving a packet from a first node within 
the domain, said packet having a network layer header 
including a network layer address, said network layer 
address comprising a node address of said first node 
and a network number of a local network including said 
first node; 

(b) means for providing a gateway-mapped node address 
for said first node, wherein said gateway-mapped node 
address is unique within the domain; 

(c) means for substituting the domain network address for 
said network number and for substituting said gateway- 
mapped node address for said node address in said 
packet; 

(d) meaas for receiving a second packet, destined for said 
first node, said second packet having a second network 
layer header with a second network layer address, said 
second network layer address including said domain 
network address identifying said local network includ- 
ing said first node and said gateway-mapped node 
address to identify said first node; 

(e) means for substituting said network number and said 
node address in place of said domain network address 
and said gateway-mapped node address of said second 
packet, respectively; and 

(0 an address mapping table configured to store one or 
more mapping entries, each said mapping entry asso- 
ciated with a node within the domain, said one or more 
mapping entries including a first node mapping entry 
including: 

(i) said node address of said first node, 

(ii) said network number of said local network in which 
said first node resides, and 

(iii) said gateway-mapped node address; 

(g) means for creating said mapping entries in said 
address mapping table; and 

(h) a translation exemption table containing non- 
translatable network numbers, 

wherein said address mapping gateway does not translate 
network layer addresses containing said non-translatable 
network numbers. 

14. The address mapping gateway of claim 13, wherein 
said address mapping gateway advertises network layer 
addresses having said non-translatable network numbers, 
and said domain network address, into the internetwork. 
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Data mapping method for handheld wireless devices, 

involves producing two set of programmatic components for read 

configuration information and server/client information 

dynamically 

Abstract (Basic) : 

A configuration information is read from a data 
file corresponding to a particular type of client 
terminals (104A-104Z) a two set of programmatic components for 
processing each configuration information and data stored in 
either server (101) or client terminals are produced dynamically. The 
data stored in client terminal and server is mapped by executing 
relevant programmatic components. 

... 1) Computer program for data mapping; and... 

. . .2) Data mapping system. . . 

...For mapping personal information management data communicated 

between handheld wireless devices such as wireless telephone, PDA, 
handheld. . . 


...Reduces implementation time and cost associated with information 
synchronization by simplifying information mapping of new 
clients without modifying resources and programming. 
Avoids unwanted mapping by specifying the suitable clients 
before mapping appropriately... 

...The figure shows a block diagram of client server system... 
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ABSTRACT 


A universal mapping system, including apparatuses and 
methods, which is configurable through use of selectable 
configuration files to perform the bi-directional mapping and 
conversion of data between different data structures and 
formats. Each configuration file uniquely corresponds to a 
particular type of device which stores mappable data in a 
structure and/or format different than those of other types of 
devices. The universal mapping system is operable to per- 
form mappings of data according to priority rules which are 
definable in the configuration files and which govern the 
order in which the mappings of data elements are performed. 
The universal mapping system is also adapted to maintain 
associations between data elements resulting from prior 
mappings. Additionally, the universal mapping system is 
operable to persist un mappable data from a source during a 
mapping in one direction and to return the unmappable data 
to that source during a subsequent mapping in the opposite 
direction. 
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its return, to a client device 104, in a future synchronization 
session which updates the client device 104. Then, at step 
920, the universal mapper 126 transforms the mapped data 
to the proper format for the direction of the synchronization 
session (i.e., places the mapped data into a UC record object 
or a vCard) and returns the resulting transformed and 
mapped data (i.e., resultant data) to the sync engine 122 
and/or SyncML server 124, as appropriate, for updating of 
the server iPIM storage object 114 or communication to the 
client device 104. The universal mapper 126 terminates 
operation in accordance with the mapping method 900 at 
step 922. 

[0076] The previously described methods are utilized by 
the synchronization server system 102 in synchronizing PIM 
data between a client device 104 and the synchronization 
server system 102 regardless, for the most part, of the 
synchronization direction. To aid in illustrating the results of 
the methods of the preferred embodiment in a sequence of 
exemplary synchronization sessions in which PIM data is 
received from a client device 104 (i.e., having a type 
associated with the PIM specification file 118 of FIGS. 4A 
and 4B) in the form of vCards and is used to update the 
server's iPIM storage object 114, FIG. 10A displays a new 
vCard 1000 which is created at the client device 104 and 
which is communicated from the client device 104 to the 
synchronization server system 102. Upon receipt of the new 
vCard 1000, the synchronization server system 102 operates 
according to the methods described herein to identify the 
type of the client device 104 and select the appropriate PIM 
specification file 118 (see FIGS. 4A and 4B), to appropri- 
ately configure the universal mapper 126 using the selected 
PIM specification file 118, to map the vCard properties to 
UC fields, and to produce a UC record object which, when 
stored by the sync engine 122, causes the server iPIM 
storage object 114 to include UC fields (i.e., Home Number, 
HomeNumber2, FirstName, LastName, DisplayName, 
emaill, and emai!2) having PIM data as seen in FIG. 10B. 
Note that the full text of the vCard's note properly is saved 
by the universal mapper 126 in the UC record's history/ 
association table for return to the client device 104 during a 
later synchronization session in the opposite direction. 

[0077] Subsequently, the client device 104 produces a 
second vCard 1002 (see FIG. 10C) and communicates it to 
the synchronization server system 102. Upon receipt of the 
second vCard 1002, the synchronization server system 102 
operates according to the methods described herein, in a 
second synchronization session, to identify the type of the 
client device 104 and select the appropriate PIM specifica- 
tion file 118 (see FIGS. 4A and 4B), to appropriately 
configure the universal mapper 126 using the selected PIM 
specification file 118, to map the vCard properties to UC 
fields, and to produce a UC record object which, when stored 
by the sync engine 122, causes the server iPIM storage 
object U4 to include UC fields (i.e., HomeNumber, 
HomeNumber2, FirstName, LastName, DisplayName, 
emaill, and emai!2) having PIM data as seen in FIG. 10D. 
Note that, as a result of the receipt and processing of the 
second vCard 1002, the UC record of the server iPIM 
storage object 114 now includes an added business tele- 
phone number and a new note which has been saved in the 
record's history/association table. Note, also, that a second 
home telephone number was removed as a result of the 
second synchronization session. 

[0078] To aid in illustrating the results of the methods of 
the preferred embodiment for an exemplary synchronization 
session in which PIN data is retrieved from the server iPIM 


storage object 114 and used to update the client device's 
dPIM storage object 130, FIG. 11A displays the server iPIM 
storage object 114 of FIG. 10D after changes have been 
made to add a second home telephone number, to modify the 
first email address, and to add a home address. After 
initiation of the synchronization session, the synchronization 
server system 102 operates in accordance with the methods 
described herein to identify the type of the client device 104 
and select the appropriate PIM specification file 118 (see 
FIGS. 4A and 4B), to appropriately configure the universal 
mapper 126 using the selected PIM specification file 118, to 
map the UC fields to vCard properties, and to produce the 
vCard 1004 depicted in FIG. 11B. Note that, as a result of 
the "MaxPerContacl" configuration element 402 having a 
value of two, only the work telephone number and the 
preferred home telephone number were mapped to the vCard 
1004. Also, note that the note property of the vCard 1004 
includes the note text received by the synchronization server 
system 102 in the second vCard 1002 (i.e., which updated 
the UC note field that was populated initially with the note 
text from the note property of the new vCard 1000), thereby 
displaying the storing and retrieval of the previously 
unmapped note text from the history/association table by the 
universal mapper 126. In addition, note that the vCard 1004 
includes an address property not present in vCards 1000, 
1002, thereby illustrating the mapping of previously 
unmapped PIM data by the universal mapper 126. 

[0079] It should be understood that the description of the 
preferred embodiment of the present invention is for 
descriptive or exemplary purposes only, and that the appa- 
ratuses and methods of the present invention may be utilized 
in a wired or wireless communications environment to map 
data between two data storage structures and/or formats. 
Also, the communications environment may include com- 
munication networks or communication connections other 
than the Internet and the use of protocols and specifications 
other than SyncML and vCard. Additionally, the present 
invention's apparatuses and methods may be employed in 
data management architectures other than client/server 
architectures. In addition, the apparatuses and methods of 
the present invention may be utilized to map any type of data 
other than personal information management data. 

[0080] Whereas this invention has been described in detail 
with particular reference to its most preferred embodiment, 
it is understood that variations and modifications can be 
effected within the spirit and scope of the invention, as 
described herein before and as defined in the appended 
claims. The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements, if 
any, in the claims below are intended to include any struc- 
ture, material, or acts for performing the functions in com- 
bination with other claimed elements as specifically 
claimed. 

What is claimed is: 

1. A method of mapping data comprising the steps of: 

parsing a configuration file to obtain mapping configura- 
tion information; 

utilizing the mapping configuration information to 
dynamically configure data mappers for mapping 
operations; and, 

executing the data mappers to map data in accordance 
with the mapping configuration information. 

***** 


6/5/2006, EAST Version: 2.0.3.0 


77/3,K/44 (Item 19 from file: 350) Links 
Derwent WPIX 

(c) 2006 Thomson Derwent. All rights reserved. 


016136156 **Image available** 
WPI Acc No: 2004-294032/200427 
XRPX Acc No: N04-233549 

Shared web hosting system includes servers connected to 
table which stores non-changing information and dynamic 
mapping information for web pages 
Patent Assignee: INTERLAND INC (INTE-N) ; COLEMAN R (COLE-I) 
Inventor: COLEMAN R J; COLEMAN R 

107 Number of Patents: 


Number of Countries: 
Patent Family: 
Patent No Kind 
US 20040054793 Al 


WO 200425491 Al 
AU 2003270472 Al 
TW 200417190 A 


Date 
20040318 

20040325 
20040430 
20040901 


Applicat No 

US 2002411214 
US 2002286439 
WO 2003US28303 
AU 2003270472 
TW 2003125479 


004 

Kind 
P 

A 
A 
A 
A 


Date 
20020916 
20021101 
20030909 
20030909 
20030916 


Week 
200427 

200427 
200462 
200624 


B 


Priority Applications (No Type Date) 

2002286439 A 20021101 
Patent Details: 

Patent No Kind Lan Pg Main IPC 
US 20040054793 Al 9 G06F-015/16 


US 2002411214 P 20020916; US 


Filing Notes 
Provisional application US 2002411214 


WO 200425491 Al E 
Designated States 
CH CN CO CR CU CZ 
IN IS JP KE KG KP 
NO NZ OM PG PH PL 
UZ VC VN YU ZA ZM 
Designated States 
GH GM GR HU IE IT 
UG ZM ZW 

AU 2003270472 Al 

TW 200417190 A 


G06F-015/16 

(National) : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA 

DE DK DM DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL 

KR KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NI 

PT RO RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG 
ZW 

(Regional) : AT BE BG CH CY CZ DE DK EA EE ES FI FR GB 

KE LS LU MC MW MZ NL OA PT RO SD SE SI SK SL SZ TR TZ 


G06F-015/16 
H04L-012/00 


Based on patent WO 200425491 


Shared web hosting system includes servers connected to 
table which stores non-changing information and dynamic 
mapping information for web pages 

Abstract (Basic) : 

serving web pages to client computer systems and transmitting 
web page request to a shared table data structure 

and a virtual host information server connected to storage device that 
includes dynamic mapping information. The table shared by 
the servers, stores non-changing information and dynamic 
mapping information for web pages. 
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ABSTRACT 


A system for shared web hosting includes a plurality of web 
servers coupled to a shared table data structure, wherein the 
web servers serve web pages to client computer systems. 
The web servers all couple to a security server that transmits 
web page requests to the shared table data structure. A 
website configuration server and virtual host information 
server couple to the shared table. The virtual host informa- 
tion server couples to a storage device that includes dynamic 
mapping information. Dynamic mapping information iden- 
tifies the web server or web servers hosting a web site at any 
given time. The website configuration server includes static 
non-changing configuration information for each owner's 
web site. The non-changing information describes web sites 
hosted on the web server. The shared table also stores copies 
of recently accessed non-changing information and dynamic 
mapping information for web pages. 
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practiced in different but equivalent manners apparent to 
those skilled in the art having the benefit of the teachings 
herein. It Ls therefore evident thai the particular embodi- 
ments disclosed above may be altered or modified and all 
such variations are considered within the scope and spirit of 
the invention. It is intended that the following claims be 
interpreted to enhance all such variations and mod ificat ions. 

References 

[0027] The following references, to the extent that they 
provide exemplary procedural or other details supplemen- 
tary to those set forth herein, are specifically incorporated 
herein by reference. 

[0028] 1. Apache Software Foundation, "Apache HTTP 
Server Version 1.3-Using the Apache HTTP Server", 
http://littpd.apache.org/docs/, 2002 

[0029] 2. Apache Software Foundation, "Apache HTTP 
Server Version 2.0 Documentation", http://httpd.apa- 
che.org/docs-2.0/, 2002 


What is claimed is: 

1. A system for shared web hosting, comprising: 

at least two of a first computer means coupled to a shared 
table, wherein the first computer means serve web 
pages to clients; 

a second computer means coupled to the first computer 
means, wherein the second computer means transmits 
web page requests to the shared table; 

a third computer means coupled to the shared table; 

a fourth computer means coupled to the shared table, 
wherein the fourth computer means couples to a storage 
device that includes dynamic mapping information; 
and 

wherein the shared table stores non-changing information 
and dynamic mapping information for web pages. 

2. The system of claim 1, wherein the dynamic mapping 
information identifies the first computer mean hosting a web 
site at any given time. 

3. The system of claim 2, wherein the first computer mean 
is a web server. 

4. 'llic system of claim 1, wherein the second computer 
means transmits web page requests to the first computer 
means. 

5. The system of claim 4, wherein the second computer 
means is a security server. 

6. The system of claim 1, wherein the non-changing 
information for all web sites is stored on a storage device 
coupled to Ihe third computer means, wherein the non- 
changing information describes web sites hosted on the first 
computer mean. 

7. The system of claim 6, wherein the third computer 
means is a website configuration server. 


8. The system of claim 1, further comprising: 

one or more hardware devices executing firewall soft- 
ware, wherein said hardware devices couple to the first 
computer means; and 

one or more load balancing devices coupled to the first 
computer means. 

9. The system of claim 1, wherein the second computer 
means receives web page requests through the Internet from 
clients. 

10. The system of claim 10, wherein the fourth computer 
means is a virtual host information server. 

11. A method for shared web hosting, comprising: 

verifying that a web page request is allowed access to 
information in a web site; 

transmitting the web page request to a plurality of web 
servers and a control means after verification; 

performing a lookup of a data structure means to deter- 
mine identification information for the web page 
request, wherein the identification information includes 
website configuration information and virtual host 
information; and 

routing the web page request to one or more of the web 
servers. 

12. The method of claim 11, wherein the step of verifying 
further comprises authenticating user identification informa- 
tion to determine web site access. 

13. llie melhod of claim 11, wherein verification is 
performed by a centralizxd authentication server (CAS). 

14. The method of claim 13, wherein verification infor- 
mation is stored on computer means coupled to the CAS. 

15. The method of claim 11, wherein the control means is 
a shared table controller. 

16. The method of claim 11, wherein the data structure 
means is a shared table. 

17. A system for shared web hosting, comprising: 

at least two of a first computer means coupled to a second 
computer means, wherein the first computer means 
each couple to a storage device that includes web site 
configuration and virtual host information; 

a third computer means coupled to each of the first 
computer means, wherein the third computer means 
transmits web page requests to the second computer 
means; and 

wherein the second computer means periodically update 
configuration and virtual host information on all the 
first computer means to maintain coherency. 

18. The system of claim 17, wherein the first computer 
means is a web server. 

1 9. The system of claim 1 7, wherein the second computer 
means is a synchronization server. 

20. The system of claim 1 7, wherein the third computer 
means is a security server. 

* * * * * 
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Inter-processor communication system for parallel computer 
system, transmits packet requesting translation of write 
address before transmission of data, from source processor to 
destination processor 

Abstract (Basic) : 

... A transmitter (4) transmits a packet requesting 

translation of a write address before transmission of 
data, from a source processor to a destination processor. 
An address translating circuit (54) translates the write 
address to a physical address. A data write 
circuit (57) uses the result of the address translation 
as the write address for writing the data transmitted subsequent 
to the packet. 

Eliminates need for address translation at 
the initial normal packet with data arrival and hence reduces time 
required for address translation in the receiver. Also 
reduces capacity of the memory for holding the address 
translation result and reduces overhead of the address 
translation in the receiver. . . 

...The figure shows a block diagram illustrating the inter-processor 

communication system. . . 
...write address register (53... 


...address translating circuit (54... 

...translation table (55 
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(57) ABSTRACT 

A transmitter 43 transmits a write address (i.e., address 
translation packet before sending the first data packet of a 
command). A receiver 5, when receiving the address trans- 
lation packet, executes address translation of a write address. 
The receiver 5 also preliminarily executes address transla- 
tion in advance during inter-processor communication for 
reducing overhead of address translation in the destination 
processor that occurs for each page. The transmitter reports 
the total number of pages in advance for suppressing waste- 
ful address translation subsequent to the last page. 
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What is claimed is: 

1. An inter-processor communication system of parallel 
computer in which a plurality of processors arc connected by 
a network, each said processor including: 

a transmitting means for transmitting a packet for request- 
ing address translation of a write address in a destina- 
tion processor as designated by logical address to the 
destination processor when transmitting data thereto; 

a means for translating said write address transmitted 
from the source processor to a physical address; and 

a means for using the result of the address translation as 
a write address for writing data transmitted subsequent 
to said packet for requesting the address translation. 

2. The intcr-proccssor communication system according 
to claim 1, wherein said transmitting means transmits said 
packet for requesting address translation of the write address 
to the destination processor before translating the read 
address of the transmission data as designated by the logical 
address to physical address. 

3. The intcr-proccssor communication system according 
to claim 2, wherein a write address is designated in the 
packet for transmitting the transmission data therein, and 
when a write address added to the previously transmitted 
said packet for requesting the address translation and the 
write address designated by said packet for transmitting the 
transmission data therein are different, the write address 
designated in said packet for transmitting the transmission 
data therein is re-translated for use. 

4. An intcr-proccssor communication system of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including: 

a means for translating a write address in a destination 
processor as designated by logical address to physical 
address at the time of packet reception in the destina- 
tion processor; 

a means for storing the result of the write address trans- 
lation; and 

a means for executing subsequently necessary write 
address translation in advance before the write address 
translation result stored earlier becomes incapable of 
being used. 

5. An inter-processor communication system of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including: 

a means for translating a read address of transmission data 
designated by logical address to physical address when 
transmitting data to the destination processor; and 

a means for storing the result of the read address trans- 
lation, and a means for executing subsequently neces- 
sary read address translation in advance before the read 
address translation result stored earlier becomes inca- 
pable of being used. 

6. An inter-processor communication system of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including: 

a means for translating a write address in a destination 
processor as designated by logical address to physical 
address at the time of packet reception in the designa- 
tion processor; 


a means for storing the result of the write address trans- 
lation; 

a means for executing subsequently necessary write 
address translation in advance before the write address 
translation result stored earlier becomes incapable of 
being used; 

a means for translating a read address of transmission data 
designated by logical address to physical address al the 
time of data transmission to the destination processor; 

a means for storing the result of the read address trans- 
lation; and 

a means for executing subsequently necessary read 
address translation before the stored read address trans- 
lation result becomes incapable of being used, 

wherein the write address is designated in the packet for 
transmitting the transmission data therein, and when a 
write address added to the previously transmitted 
packet for requesting the address translation and the 
write address designated by the packet for transmitting 
the transmission data therein are different, the write 
address designated in the packet for transmitting the 
transmission data therein is re-translated for use. 

7. ITic intcr-proccssor communication system according 
to claim 6, wherein when data are transmitted in a plurality 
of packets under control of a communication command, said 
packet for requesting the address translation is transmitted 
only right before the first packet for transmitting the trans- 
mission data pertaining to the command, and subsequently 
only the packets for transmitting the transmission data are 
transmitted. 

8. The inter-processor communication system according 
to claim 7, wherein said storing means for storing the write 
address translation result manages the write address trans- 
lation result for each source processor, and stores two write 
address translation results, i.e., one being in use and the 
other one obtained by in-advance address translation, for the 
same source processor. 

9. The inter-processor communication system according 
to claim 8, wherein said packet for requesting the address 
translation has the total number of pages in the destination 
processor of data transmitted under control of the command, 
and the destination processor counts down the number of 
pages in order to predict the last page to be written under 
control of the command, thus suppressing wasteful in- 
advance address translation subsequent to the last page. 

10. An inter-processor communication method of parallel 
computer in which a plurality of processors arc connected by 
a network, each said processor including steps of: 

a step for transmitting a packet for requesting address 
translation of a write address in a destination processor 
as designated by logical address to the destination 
processor when transmitting data thereto; 

a step for translating said write address transmitted from 
the source processor to a physical address; and 

a step for using the result of the address translation as a 
write address for writing data transmitted subsequent to 
said packet for requesting the address translation. 

11. The inter-processor communication method according 
to claim 10, wherein said transmitting step transmits said 
packet for requesting address translation of the write address 
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to the destination processor before translating the read 
address of the transmission data as designated by the logical 
address lo physical address. 

12. llie inter-processor communication method according 
to claim 11, wherein the write address is designated in the 
packet for transmitting the transmission data therein, and 
when a write address added lo the previously transmitted 
said packet for requesting the address translation and the 
write address designated by said packet for transmitting the 
transmission data therein are different, the write address 
designated in said packet for transmitting the transmission 
data therein is re-translated for use. 

13. An inter-processor communication method of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including steps of: 

a step for translating a write address in a destination 
processor as designated by logical address to physical 
address at the time of packet reception in the destina- 
tion processor; 

a step for storing the result of the write address transla- 
tion; and 

a step for executing subsequently necessary write address 
translation in advance before the write address trans- 
lation result stored earlier becomes in capable of being 
used. 

14. An inter-processor communication method of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including steps of: 

a step for translating a read address of transmission data 
designated by logical address to physical address when 
transmitting data to the destination processor; and 

a step for storing the result of the read address translation, 
and a means for executing subsequently necessary read 
address translation in advance before the read address 
translation result stored earlier becomes incapable of 
being used. 

15. An inter-processor communication method of parallel 
computer in which a plurality of processors are connected by 
a network, each processor including steps of: 

a step for translating a write address in a destination 
processor as designated by logical address to physical 
address at the time of packet reception in the designa- 
tion processor; 

a step for storing the result of the write address transla- 
tion; 


a step for executing subsequently necessary write address 
translation in advance before the write address trans- 
lation result stored earlier becomes in capable of being 
used; 

a step for translating a read address of transmission data 
designated by logical address to physical address at the 
time of data transmission to the destination processor; 

a step for storing the result of the read address translation; 
and 

a step for executing subsequently necessary read address 
translation before the stored read address translation 
result becomes incapable of being used, 

wherein the write address is designated in the packet for 
transmitting the transmission data therein, and when a 
write address added to the previously transmitted 
packet for requesting the address translation and the 
write address designated by the packet for transmitting 
the transmission data therein are different, the write 
address designated in the packet for transmitting the 
transmission data therein is re-translated for use. 

16. The inter-processor communication method according 
to claim 15, wherein when data are transmitted in a plurality 
of packets under control of a communication command, said 
packet for requesting the address translation is transmitted 
only right before the first packet for traasmitting the trans- 
mission data pertaining to the command, and subsequently 
only the packets for transmitting the transmission data arc 
transmitted. 

17. The inter-processor communication method according 
to claim 16, wherein said storing step for storing the write 
address translation result manages the write address trans- 
lation result for each source processor, and stores two write 
address translation results, i.e., one being in use and the 
other one obtained by in-advance address translation, for the 
same source processor. 

18. The inter-processor communication method according 
to claim 1 7, wherein said packet for requesting the address 
translation has the total number of pages in the destination 
processor of data transmitted under control of the command, 
and the destination processor counts down the number of 
pages in order to predict the last page to be written under 
control of the command, thus suppressing wasteful in- 
advance address translation subsequent to the last page. 

* * * * * 
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Abstract (Basic) : 

... A mapping unit modifies input data items, based on 

randomization values stored in a randomization table (401) . An 
arbiter unit (405) selects one of the modified data items, based 
on round-robin arbitration scheme. An un-mapping unit (421) 
converts the selected data item to original data item based on 
corresponding de-randomization values stored in a 
de-randomization table (402) . 

Round-round arbiter (RRA) for network device (claimed) such 

router . 
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destination vector 704. Randomization arbiter 705 is based 
on a modified round robin arbiter 706 that periodically 
receives a pointer to a starting destination within destination 
vector 704 from a random generator, such as linear feedback 
shift register (LFSR) 707. LFSRs can produce pseudo- 
random numbers at very high frequencies. Hardware con- 
structions for LFSRs are well known in the art and will not 
be described further herein. Other circuits for generating 
random numbers, in addition to LFSRs, may alternatively be 
used. 

In operation, round robin arbiter 706 receives a pointer 
value from LFSR 707 that indicates at which destination 
address in destination vector 704 the round robin arbiter 
should begin. If, for example, the pointer value is ten, round 
robin arbiter 705 begins by checking the 10 ,A bit in desti- 
nation vector 704. The round robin arbiter will then sequen- 
tially check the bits in the destination vector 704 up through 
the 143 nrf bit, and then wrap around to bit zero and sequen- 
tially check the bits in destination vector 704 up through bit 
nine. After bit nine, round robin arbiter 706 gets a new 
pointer value from LFSR 707, and beginning at the new 
value, checks each of the bits in destination vector 704. The 
new pointer value generated by LFSR 707 may be generated 
periodically or in response to a new pointer request signal 
from round robin arbiter 706. 

Arbiter 720 provides similar functionality as the arbiter 
shown in FIG. 4, due to the fact that both arbiters introduce 
an element of randomness into their selections. More 
particularly, multiple randomization arbiters 720 in a system 
receive different LSFR initial seed values, and will thus not 
have a tendency to become in-stride with one another. 

Although described in the context of a purpose-built 
router, concepts consistent with the present invention can be 
implemented in any system that uses multiple arbiters where 
it is desirable to keep two or more of the arbiters from 
becoming in-slride with one another. Although the arbiters 
described herein arbitrate across destinations, an arbiter 
consistent with the principles of the invention may be used 
in any system requiring arbitration. For example, data items 
other than destinations may be randomized. 

Itie foregoing description of preferred embodiments of 
the present invention provides illustration and description, 
but is not intended to be exhaustive or to limit the invention 
to the precise form disclosed. Modifications and variations 
are possible in light of the above teachings or may be 
acquired from practice of the invention. 

The scope of the invention is defined by the claims and 
their equivalents. 
What is claimed is: 

1. An arbiter comprising: 

a randomization table storing randomization values; 

a mapping component coupled to the randomization table, 
the mapping component modifying data items based on 
the randomization values; 

an arbiter component configured to select certain ones of 
the modified data items based on an arbitration scheme; 

a de-randomization table storing de-randomization values 
based on the randomization values stored in the ran- 
domization table; and 

an unmapping component coupled to the arbiter compo- 
nent and configured to convert the selected modified 
data items from the arbiter component back to original 
data items based on the de-randomization values. 

2. The arbiter of claim 1, wherein the data items are 
destinations in a network router. 
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3. The arbiter of claim 1, further comprising: 

a random generator coupled to the randomization table 
and the de-randomization table, the random generator 
generating and storing the randomization values in the 
randomization table and the de-randomization values in 
the de- randomization table. 

4. The arbiter of claim 1, further comprising: 

a data item vector register coupled to the mapping com- 
ponent and the arbiter component, the data item vector 
register including a plurality of bits, each bit represent- 
ing a data item. 

5. The arbiter of claim 1, wherein the arbitration scheme 
is a round robin arbitration scheme. 

6. An arbiter comprising: 

a register including a plurality of bits, each bit represent- 
ing a data item, and each bit being set when information 
associated with the data item is waiting to be transmit- 
ted; 

a random generator configured to generate a random 
pointer that relates to one of the bits of the register; and 

an arbiter configured to select data items by checking the 
plurality of bits of the register including the bit pointed 
to by the random generator. 

7. The arbiter of claim 6, wherein the random generator 
generates a new random pointer for the arbiter after the 
round robin arbiter completes a cycle of checking the bits of 
the register. 

8. The arbiter of claim 7, wherein the random generator is 
a linear feedback shift register. 

9. The arbiter of claim 6, wherein the arbiter, after 
checking one of the bits in the register, clears the bit. 

10. A method of arbitrating among multiple data items 
comprising: 

randomizing the multiple data items; 

selecting certain ones of the data items in accordance with 

an arbitration scheme based on the randomized data 

items; and 
de-randomizing the selected data items. 

11. The method of claim 10, wherein the arbitration 
scheme is a round robin arbitration scheme. 

12. The method of claim 10, wherein the data items arc 
destination addresses. 

13. The method of claim 12, further comprising: 
transmitting information to destinations based on the 

selected data items. 

14. The method of claim 10, further comprising: 
randomizing the data items by looking up a randomized 

value in a randomization table. 

15. The method of claim 10, further comprising: 
de-randomizing the selected data items by looking up an 

original value associated with the data item in a 
de-randomization table. 

16. A system comprising: 

a first arbiter receiving a first set of N inputs, where N is 
an integer, the first arbiter selecting ones of the first set 
of inputs based on an arbitration scheme that includes 
an element of randomness when selecting the ones of 
the first set of inputs; and 

a second arbiter receiving a second set of N inputs, the 
second arbiter selecting ones of the second set of inputs 
based on an arbitration scheme that includes an element 
of randomness when selecting the ones of the second 
set of inputs, the elements of randomness in the first 
and second arbiters preventing the first and second 
arbiters from synchronizing with one another. 
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17. The system of claim 16, wherein the first and second 
sets of N inputs are destinations associated with information 
to be transmitted over a network. 

18. The system of claim 17, wherein the network is a 
fabric switch of a router. 5 

19. The system of claim 16, wherein the arbitration 
scheme is a round robin arbitration scheme. 

20. The system of claim 16, wherein each of the first and 
second arbiters further comprise: 

a randomization table for storing randomization values 10 
that introduce the randomness into the arbitration 
scheme when selecting the ones of the first and second 
set of inputs; and 

a mapping component for converting information in the 
received first and second set of inputs to a randomized 15 
version of the information based on the randomization 
values stored in the randomization table. 

21. The system of claim 20, wherein each of the first and 
second arbiters further comprise: 

20 

a random generator coupled to the randomization table 
and configured to generate the randomization values 
stored in the randomization table. 

22. The system of claim 20, wherein each of the first and 
second arbiters further comprise: 25 

a de-randomization table for storing de-randomization 
values for removing the randomness introduced by the 
randomization values and the mapping component; and 

an unmapping component configured to convert the ran- 
domized version of the information back to an original 30 
version of the information based on the 
de-randomization values. 

23. The system of claim 16, wherein each of the first and 
second arbiters further comprise: 

a register for storing destinations of the received N inputs, 35 
the register including a plurality of bits, each bit 
representing a possible destination for the N inputs, and 
each bit being set when an input associated with the 
destination is waiting to be transmitted to the network; 

a random generator configured to generate a random 40 
pointer that relates to one of the bits of the register; and 

a round robin arbiter configured to select an input by 
sequentially checking each of the plurality of bits of the 
register, the round robin arbiter, after completing the 
checking of each of the plurality of bits of the register, 


Bl 

10 

repeating the sequentially checking each of the plural- 
ity of bits of the register beginning at an initial location 
determined by the random pointer. 

24. A network device comprising: 
means for randomizing information associated with an 

input stream of data items; 
means for arbitrating among the randomized information 

to select certain ones of the data items; and 
means for de -randomizing the selected information. 

25. Ilie network device of claim 24, further comprising: 
a randomization table for storing randomization values 

that indicate how information associated with the data 
items is to be modified; and 
mapping means for modifying the information based on 
the values stored in the randomization table. 

26. The network device of claim 25, further comprising: 
a dc -randomization table for storing de-randomization 

values based on the randomization values stored in the 
randomization table; and 
unmapping means for converting the selected modified 
information from the mapping means back to original 
versions of the data items based on the 
de-randomization values. 

27. A method comprising: 

selecting ones of a first set of N inputs, where N is an 
integer, based on an arbitration scheme that includes an 
element of randomness when selecting the ones of the 
first set of inputs; and 
selecting ones of a second set of N inputs, where N is an 
integer, based on an arbitration scheme that includes an 
clement of randomness when selecting the ones of the 
second set of inputs, the elements of randomness in the 
first and second selections preventing the first and 
second selections from synchronizing with one another. 

28. The method of claim 27, wherein the first and second 
sets of N inputs arc destinations associated with information 
to be transmitted over a network. 

29. The method of claim 28, wherein the network is a 
fabric switch of a router. 

30. The method of claim 27, wherein the arbitration 
scheme is a round robin arbitration scheme. 

« * * * * 
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network, involves authorizing subscriber to access 
service on communication network, where authorization is based on 
domain configuration override attribute 

Abstract (Basic) : 

The method involves receiving a communication from a 
subscriber using a communication network coupled to another 
communication network. The communication includes a domain 
identifier associated with a service on the latter network. A 
subscriber is authorized to access a service on the latter network 
using one of virtual circuits. The authorizing is based on a 
domain configuration override attribute associated 
with the circuit. 

method prevents unauthorized point-to-point sessions from being 
forwarded to a destination layer 2 tunneling protocol network 
server and eliminates the need to alter the original 
point-to-point authentication packet... 

...The drawing shows a differentiated computer network... 
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ABSTRACT 


A method for controlling subscriber access in a network 
capable of establishing connections with multiple services 
includes receiving a communication from a subscriber using 
a first communication network coupled to a second com- 
munication network, the communication optionally includ- 
ing a domain identifier associated with a service on the 
second communication network, and authorizing the sub- 
scriber to access a service on the second communication 
network using a virtual circuit. The authorization is based 
upon a domain configuration override attribute associated 
with the virtual circuit used to receive the communication 
from the subscriber. An access server capable of forcing 
subscribers of a communications system to gain access 
exclusively to a domain network associated with a virtual 
circuit includes an authorizcr to grant service authorization 
to the subscribers based upon a virtual circuit used to make 
a service request, a virtual circuit profile request generator to 
generate virtual circuit profile requests and a calculator to 
determine whether the service associated with the virtual 
circuit matches the service associated with a domain con- 
figuration override attribute. 
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configuration override attribute exists or if the PPP authen- 
tication packet docs not include a domain name (710), at 
715, the domain associated with the virtual channel is 
returned. If a domain configuration override attribute does 
not exist; at 720, the PPP domain used in the PPP authen- 
tication request is returned. 

[0048] Turning now to FIG. 8, a flow diagram that illus- 
trates a method for determining the tunnel ID associated 
with a virtual circuit in accordance with one embodiment of 
the present invention is presented. At 800, a PPP session 
including a virtual channel ID is received. At 805, a deter- 
mination is made regarding whether a domain configuration 
override attribute exists in a virtual circuit profile associated 
with the DSLAM port used to receive the PPP session. If a 
domain configuration override attribute exists, at 815, the 
tunnel ID associated with the virtual channel is returned. If 
a domain configuration override attribute does not exist, at 
820, the PPP domain used in the PPP authentication request 
is returned. 

[0049] FIGS. 9A-9C are tables that illustrate tunnel con- 
figuration information that may be stored in a LAC, an AAA 
server, or other similar devices in accordance with embodi- 
ments of the present invention. FIG. 9A is a virtual circuit 
profile table that contains a list of domain names 900 
indexed by virtual circuit IDs 905. A domain configuration 
override attribute 910 determines whether a subscriber is 
limited to establishing a tunnel with a particular domain. 

[0050] FIG. 9B is a table that includes a list of tunnel IDs 
915 indexed by domain names 920. Table 9B may be used 
in conjunction with table 9A to obtain a tunnel ID 915 
associated with a virtual circuit ID 905. 

[0051] FIG. 9C is a virtual circuit profile table that 
contains a list of tunnel IDs 925 indexed by virtual circuit 
IDs 930. A domain configuration override attribute 935 
determines whether a subscriber is limited to establishing a 
tunnel with a particular domain. In the example, a port 
having a virtual circuit ID of 94/22 (940) may use tunnel ID 
2210 (945) exclusively. 

[0052] The tunnel selection configuration override 
attribute is requested by the domain owner to be placed in 
virtual circuit profiles. It allows the service provider the 
capability to ensure that a PPP session originating from a 
DSLAM port allocated to a particular domain can connect 
with only that particular domain, regardless of what domain 
name is entered in the PPP authentication packet. This 
provides added security to the owner of the private domain 
by lessening the likelihood of an unauthorized access to the 
home gateway of a corporate intranet. Hie service provider 
would have the control over which ports are allocated to 
which domains. The service provider would also have 


control over which ports have the tunnel selection configu- 
ration attribute in their virtual circuit profile and are, thus, 
limited to one domain and which virtual circuit profiles do 
not contain the tunnel selection configuration override 
attribute and are, thus, free to connect to more than one 
domain. 

[0053] Although embodiments of the present invention is 
have been described with respect to virtual circuits in an 
ATM networking environment, it should be understood that 
a virtual circuit assigned to a subscriber in system may be 
defined in any suitable networking environment using any 
suitable communication technologies and protocols, without 
deviating from the scope of the present invention. 

[0054] In accordance with a specific embodiment of the 
present invention, the components, process steps, and/or 
data structures are implemented using software. This imple- 
mentation is not intended to be limiting in any way. Different 
implementations may be used and may include other types 
of operating systems, computing platforms, and/or computer 
programs. In addition, those of ordinary skill in the art will 
readily recognize that devices of a less general purpose 
nature, such as hardwired devices, devices relying on FPGA 
(field programmable gate array) or ASIC (application spe- 
cific integrated circuit) technology, or the like, may also be 
used without departing from the scope and spirit of the 
inventive concepts disclosed herewith. 

[0055] While embodiments and applications of this inven- 
tion have been shown and described, it would be apparent to 
those skilled in the art having the benefit of this disclosure 
that many more modifications than mentioned above are 
possible without departing from the inventive concepts 
herein. The invention, therefore, is not to be restricted except 
in the spirit of the appended claims. 

1. A method for controlling subscriber access in a network 
capable of establishing connections with a plurality of 
services, comprising: 

receiving a communication from a subscriber using a first 
communication network coupled to a second commu- 
nication network, said communication optionally 
including a domain identifier associated with a service 
on said second communication network; and 

authorizing said subscriber to access a service on said 
second communication network using one of a plurality 
of virtual circuits, said authorizing based upon a 
domain configuration override attribute associated with 
the virtual circuit used to receive said communication 
from said subscriber. 
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ABSTRACT 


Mapping of data source schema data types relating a server 
side database description into a set of OLE DB data types is 
rendered subject to user modification by provision of a dual 
Schema File at a client side terminal which contains an 
original unmodifiable copy and a modifiable working copy 
of the data source schema. When the server side database 
description is altered, user modifications to the modifiable 
copy arc preserved as much as possible by performing a 
matching process on the client side in the course of gener- 
ating new unmodifiable and modifiable schema files which 
comprise a new dual Schema File. 
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copy of the data source schema, the data source schema 
corresponding to a database description of a data source 
at a server; 

altering the database description at the server; 
transmitting the altered database description to the client; 
receiving the altered database description at the client; 
and 

creating a second dual Schema File at the client to replace 
the first dual Schema File, the second dual Schema File 
comprising a second unmodifiable copy and a second 
modifiable copy, the operation of creating the second 
dual Schema File comprising: 

creating the second unmodifiable copy corresponding to 
the received altered database description; 

comparing the second unmodifiable copy to the first 
unmodifiable copy to find matches between respective 
components thereof; and 

creating the second modifiable working copy, the second 
modifiable working copy includes components of the 
first modifiable working copy corresponding to the 
matched components found from the operation of com- 
paring. 

11. The method of claim 10 wherein the operation of 
creating the second modifiable working copy comprises: 

copying the components of the first modifiable working 
copy corresponding to the matched components into 
the second modifiable working copy. 

12. An apparatus in a system wherein a data source 
schema describes structures and data items, with their data 
types, the data source schema corresponding to a database 
description of a data source at a server, the structures and 
data types having been mapped into a set of OLE DB 
structures and data types recognized by a client, the client 
being arranged to access the data source via an OLE DB data 
provider, the apparatus comprising: 

means for maintaining a first dual Schema File at a client, 
the first dual Schema File comprising a first unmodi- 
fiable copy of the data source schema and a first 
modifiable working copy of the data source schema; 

means for altering the database description of the data 
source at the server; 


10 


means for transmitting the altered database description to 
the client; 

means for receiving the altered database description at the 
client; and 

5 means for creating a second dual Schema File at the client 
to replace the first dual Schema File, the second dual 
Schema File comprising a second unmodifiable copy 
and a second modifiable copy, the means for creating 
the second dual Schema File comprising: 
means for creating the second unmodifiable copy corre- 
sponding to the received altered database description; 
means for comparing the second unmodifiable copy to the 
first unmodifiable copy to find matches between respec- 
35 tive components thereof; and 

means for creating the second modifiable working copy, 
the second modifiable working copy includes compo- 
nents of the first modifiable working copy correspond- 
ing to the matched components found from the opera - 
20 tion of comparing. 

13. The apparatus of claim 12 wherein the database 
description is altered in response to administrator changes 
entered at the server. 

14. The apparatus of claim 12 wherein the means for 
25 creating the second modifiable working copy comprises: 

means for copying the components of the first modifiable 
working copy corresponding to the matched compo- 
nents into the second modifiable working copy. 

15. The apparatus of claim 14 further including means for 
0 checking a time stamp prior to transmitting the altered 

database description to the client. 

16. The apparatus of claim 12 further including means for 
writing the second unmodifiable copy and the second modi- 

35 fiable working copy to disk to replace the first dual Schema 
File with the second dual Schema File. 

17. 1 ne apparatus of claim 12 further including means for 
checking a time stamp prior to transmitting the altered 
database description to the client. 
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Abstract: ...to test every property of a target application. Synlib reduces the arduous task of testing GUI software to 
creating individual test programs. The API uses focus maps and focus paths to name GUI objects of interest. Synlib 
is completely platform independent. This is an important consideration because the tests... 

...Synlib API. These programs in turn manipulate and verify the appearance 
and behavior of the GUI application of interest (the target 
application) . The recommended approach is to create many small Synlib 
programs to test the target software: 

1. View the target GUI software as a collection of 
implemented properties. 2. Create a Synlib-based program to verify each 
property. 3. A collection of such Synlib programs forms a test suite for 
the GUI software. 

With Synlib, the main task of testing GUI software 
reduces to creating the individual test programs. Considering each test 
program to be your... 

...Synlib supports both alternatives. 3. Make sure that a new style manager 

window is now displayed. If the style manager window is 

mapped then the agent should report that the test passed. Otherwise, 

the agent should report that... 

. . . icon") ; /* 

* In the alternate implementation using focus 

* maps we could simply say: 

* result = SynSelectltem (dpy, 

* "MyFrontPanel" , 

* "StyleManager .. .printf ("Test Aborted: Front Panel window 
could not be found. \n"); } 

SynOpenDisplay ( ) connects to the display on which the 
target application is running or will run. SynNameWindowByTitle ( ) 
determines if a window of the specified title... 

...icon. The agent is being asked to expect and wait for a window to 
map on the display. The function SynWaitWindowMap 

accomplishes the wait and names the window StyleManager if and when a 
window maps on the display. If the mapped window has 


the expected title, StyleManager, then the agent is to conclude that the 
test . . . 

...Nonetheless, this simple program illustrates the basic paradigm for 
creating test agents. You need to name the GUI objects 

of interest and provide a mechanism for the agent to identify these objects 
during execution. The agent should be able to manipulate the 
named objects by delivering keystrokes or button inputs. 
Finally, the agent should be able to verify if... 

...to provide all of these capabilities. Table I is a summary of Synlib's 
capabilities . 

Table 1 

Synlib Capabilities 
Functions to Name GUI Objects of Interest 
SynNameWindow 
SynNameWindowByTitle 
SynNameLocation 
SynNameRegion 

Functions to Deliver Inputs to Named Objects 
SynClickBunon 
SynClickKey. . . 

...above there is nothing that is tied to specific features of a platform 
or a display on which the target GUI application may 

be executing. All platform dependent information can be (and is encouraged 
to be . . . 

. . .window - is not present in the program but is declared in a file called 
the object map. At execution time the object 

map is made available to the Synlib agent through a command line 
option. The agent consults the object map to decode the exact 
location of the named object styleManager . . . 

...unchanged even if the front panel configuration changes or if the exact 
location of the named object is different on a 
different display. The named location, styleManager... 

...icon, represents a semantic entity whose meaning is independent of the 
platform or the display or the revision of the target 

application. The semantics of the name is meaningful only in the test. In 

other words, the test remains portable. If changes in the platform, 

display, or application require that the exact location of the 

named object be changed, this is achieved either by 

editing the object map file or by supplying a 

different object map file specific for the platform. 

Synlib provides automated methods to edit or generate 

environment-specific object map files. The agent itself does 

not need any change. The format of a typical Synlib 

object map is : 

object Map for the sample program Declares the locations 
named in the test program Location styleManagerFocusPath 
FrontPanel .Actionlcons .dtstylelcon 


Focus Maps 

A far superior method of naming GUI objects of interest 
is to use Synlib f s concepts of focus maps and focus paths. A focus 
map is a description of the logical organization of the... 

...separated names declared in the focus map named FrontPanel Focus maps 

are described in focus map files. Focus paths, on the other hand, 

are declared in object map files because, when associated 

with a window, a focus path identifies an actual object capable... 

. . . FocusPath, which can be declared in the object map file as 

shown above. 

The following is the focus map for the front panel window. 
! Focus map for the default front panel window of the... 

...Panel helplcon trashlcon 

dtcmlcon dtf ilelcon) ) ) ! 

If the proper focus map and object maps are 

provided, the agent will apply Synlib embedded rules to decide how to set 

focus on the named item and then select or activate the item. During 

execution, Synlib first processes all supplied focus maps and 

creates an internal representation. Whenever the program refers to a focus 

path, Synlib decodes the identity of the desired object by analyzing 

the focus map in which the focus path occurs. Using the declarations 

in the focus map and applying... a simple situation, the same principles and 

methods can with equal ease be used to name and access 

objects in deeply embedded structures like menus and 

submenus. In general, naming objects by means of a focus map 

is far superior to naming them by means of an object map. 

Because access to the objects of interest is via a dynamically 

generated sequence of keystrokes, the programs employing these methods are 

resistant to changes in window size, fonts, or actual object 

locations. This makes the tests completely portable across platforms, 

displays, and other environmental variabilities. Synlib programs 

using focus maps to name GUI objects need 

not be changed at all unless the specification of the target 
application changes. 

Using a similar soft coding... 

...test for one application." The tests, assisted by the required 
environment dependent resource files like object map, focus 
map, and key map files, can verify the behavior of target 
applications executing on different platforms, using 
different displays, and working in very different 
language environments. 

Fig. 2 shows an execution architecture for Synlib tests. A key map 
file . . . 
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Synlib: The Core of CDE Tests 


Synlib is an application program interface for creating tests 
for graphical user interface applications. A collection of Synlib 
programs, each designed to verify a specific property of the 
target software, forms a test suite for the application. Synlib 
tests can be completely platform independent— an advantage 
for testing the Common Desktop Environment (CDE), which 
runs on the platforms of the four participating companies. 

by Sankar L. Chakrabarti 


Synlib is a C-language application program interface (API) designed to enable the user to create tests for graphical 
user interface (GUI) software. The user simply tells Synlib what to do and it will execute the user-specified tests on a 
variety of displays and in a variety of execution environments. 

A complete description of the Synlib API is beyond the scope of this article and can be found in references 1 through 
4. In this article we will only indicate how the ideas and capabilities supported by Synlib were applied to the 
development of tests for the Common Desktop Environment (CDE) described in Article. 1. An overview of CDE test 
technology including a description of the role played by Synlib can be found in Article 7. 

To test GUI software, we create programs using the Synlib API. These programs in turn manipulate and verify the ap- 
pearance and behavior of the GUI application of interest (the target application). The recommended approach is to 
create many small Synlib programs to test the target software: 

1. View the target GUI software as a collection of implemented properties. 

2. Create a Synlib-based program to verify each property. 

3. A collection of such Synlib programs forms a test suite for the GUI software. 

With Synlib, the main task of testing GUI software reduces to creating the individual test programs. Considering each 
test program to be your agent, your task is to tell the agent what to do to verify a specific property of the program you 
wish to test. Assume that you want to test the following property of the front panel on the CDE display (Fig, 1): On 
clicking the left mouse button on the style manager icon on the CDE front panel, the style manager application will 
be launched It is likely that you will tell your agent the following to verify if the property is valid for a given implemen- 
tation of the front panel: 

1. Make sure that the front panel window is displayed on the display. 

2. Click the style manager icon on the front panel window. Alternatively, you might ask the agent to select the style 
manager icon on the front panel and leave it to the agent to decide how to select the icon. Synlib supports both 
alternatives. 

3. Make sure that a new style manager window is now displayed. If the style manager window is mapped then the 
agent should report that the test passed. Otherwise, the agent should report that the test failed. 


Fig. 1. Front panel of the CDE desktop. 
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These instructions are captured in the following Synlib program. All function calls with the prefix Syn are part of the 
Synlib API. 

main(argc, argv) 
int argc; 
char **argv; 

{ 

Display *dpy; 
int windowCount; 
Window *windowList; 
Window shell_window; 
char *title; 
SynStatus result; 

dpy = SynOpenDi splay (NULL) ; 
result = SynNameWindowByTitle (dpy, 
"MyFrontPanel", "One", PARTIALJ4ATCH, 
fcwindowCount, fcwindowList) ; 
if (result == SYN_SUCCESS) 
{ 

result = SynClickButton(dpy, "Buttonl", 

"MyProntPanel", "styleManager_icon" ) ; 
/* 

* In the alternate implementation using focus * maps we could simply say: 

* result = SynSelectltem (dpy, 

* "MyFrontPanel", 

* "StyleManager_Icon_FocusPath" ) ; 
*/ 

result = SynWaitWindowMap (dpy, 

"StyleManager", TIMEJDUT) ; 
if (result == SYN_SUCCESS) 
{ result = SynGetShellAndTitle (dpy, 

"Style Manager", &shell_window, &title) ; 
if (strcmp (title, "Style Manager") =o 0) 
printf ("Test Passed: Style Manager 
window appeared. \n") ; 
else 

printf ("Test Failed: Expected Style 
Manager window; found %s\n" , title) ; 

} 

else 

printf ("Test Failed: Expected Style Manager 
window would map but none did.\n"); 

} 

else 

printf ("Test Aborted: Front Panel window could not be found. \n") ; 

} 


SynOpenDisplayO connects to the display on which the target application is running or will run. SynNameWindowByTitleO 
determines if a window of the specified title (in this case One) is already displayed. If so, the user (i.e., the 
programmer) chooses to name it MyFrontPanel. Through SynClickButtonO, the Synlib agent is instructed to click on the 
window MyFrontPanel at a location called styleManagerJcon. The agent is being asked to expect and wait for a window to 
map on the display. The function SynWaitWindowMap accomplishes the wait and names the window StyleManager if and 
when a window maps on the display. If the mapped window has the expected title, StyleManager, then the agent is to 
conclude that the test succeeded, that is, the front panel window had the specified property (clicking on the style 
manager icon really launched the style manager application). 

In practice, the tests would be more complicated than this example. Nonetheless, this simple program illustrates the 
basic paradigm for creating test agents. You need to name the GUI objects of interest and provide a mechanism for the 
agent to identify these objects during execution. The agent should be able to manipulate the named objects by 
delivering keystrokes or button inputs. Finally, the agent should be able to verify if specified things happened as a 
result of processing the delivered inputs. Synlib is designed to provide all of these capabilities. Table I is a summary 
of Synlib's capabilities. 
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Platform Independence 

Synlib programs can be written so that they are completely platform independent. For example, in the program above 
there is nothing that is tied to specific features of a platform or a display on which the target GUI application may be 
executing. All platform dependent information can be (and is encouraged to be) abstracted away through the 
mechanism of soft coding. In the program above, the statement using the function SynClickButton is an example of soft 
coding. The last parameter in this statement. styleManagerjcon, refers to a location in the front panel window. The exact 
definition of the location— the window's x.y location wilh respect to the FrontPanel window— is not present in the 
program but is declared in a file called the object map. At execution time the object map is made available to the 
Synlib agent through a command line option. The agent consults the object map to decode the exact location of the 
named object styleManager_ icon, then drives the mouse to the decoded location and presses the button. Because the 
location is soft coded, the program itself remains unchanged even if the front panel configuration changes or if the 
exact location of the named object is different on a different display. The named location, styleManagerjcon, represents a 
semantic entity whose meaning is independent of the platform or the display or the revision of the target application. 
The semantics of the name is meaningful only in the test. In other words, the test remains portable. If changes in the 
platform, display, or application require that the exact location of the named object be changed, this is achieved either 
by editing the object map file or by supplying a different object map file specific for the platform. Synlib provides 
automated methods to edit or generate environment-specific object map files. The agent itself does not need any 
change. 


Table 1 
Synlib Capabilities 

Functions to Name GUI Objects of Interest 
SynNameWindow 
Sy n N a me Wi ndowBy Ti tl e 
SynNameLocation 
SynNameRegion 


Functions to Deliver Inputs to Named Objects 
SynClickButton 
SynClickKey 
SynPressAndHoldButton 
SynReleaseButton 
SynMovePointer 
SynPrintString 
SynPressAndHoldKey 
SynReleaseKey 
SynSetFocus 
SynSelectltem 

Functions to Synchronize Application State with Test Agent 
SynWaitWindowMap 
SynWaitWindowUnmap 
SynWaitWindowConfigure 
SynWaitProperty 


Functions to Verify the State of a GUI Application 

SynGetShellAndTitle 
SynStoreText 

SynCompareWindowlmage 


Miscellaneous Functions to Process Needed 
Test Resources from the Environment 

SynParseCommandOptions 
SynParseObjectFile 
SynBuildFocusMap 
SynParseKeyMap 
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The format of a typical Synlib object map is: 

! Object Map for the sample program 

! Declares the locations named In the test 

! program 

Location styleManager_icon 781 51 

! Declares the full path of an item named in a ! focus map 
FocusPath StyleManager_Icon_FocusPath 
FrontPanel . Actionlcons .dtstylelcon 

Focus Maps 

A far superior method of naming GUI objects of interest is to use Synlib s concepts of focus maps and focus paths. A 
focus map is a description of the logical organization of the input enabled objects in a widget-based application. An 
input enabled object is a region in a window that can accept keystrokes or button inputs from a user. Generally these 
objects are widgets or gadgets used in constructing the user interface. 

The method of constructing a focus map is fully described in the Synlib User's Guide. 1 A more complete description of 
the concept of a focus map and its use in testing X windows applications has been published elsewhere.^- A focus path 
is a string of dot-separated names declared in a focus map. For example, StyleManagerJcon JocusPath is the name of the 
focus path FrontPanel.Actionlcons.dtstylelcon, which is a string of dot-separated names declared in the focus map named 
FrontPanel. Focus maps are described in focus map files. Focus paths, on the other hand, are declared in object map 
files because, when associated with a window, a focus path identfies an actual object capable of accepting input. 

In the example program above, the function SynSelectltemO represents an instruction to the agent to select the object 
named by the string StyleManagerJcon.FocusPath, which can be declared in the object map file as shown above. 

The following is the focus map for the front panel window. 

! 

! Focus map for the default front panel window 

1 of the CDE desktop. 

! 

(FocusMap FrontPanel 
(FocusGroup Actionlcons 

(App_Panel dtpadlcon dtmaillcon dtlocklcon 
dtbeeplcon workspace_One workspace_Three 
workspace_Two workspace_Four exitlcon 
printer_Panel printerlcon dtstylelcon 
toolboxlcon Help_Panel helplcon trashlcon 
dtcmlcon dtf ilelcon) ) ) 

! 

If the proper focus map and object maps are provided, the agent will apply Synlib embedded rules to decide how to set 
focus on the named item and then select or activate the item. During execution, Synlib first processes all supplied focus 
maps and creates an internal representation. Whenever the program refers to a focus path, Synlib decodes the identity 
of the desired object by analyzing the focus map in which the focus path occurs. Using the declarations in the focus 
map and applying OSF/Motif supported keyboard traversal specifications, Synlib generates a series of keystrokes to 
set the keyboard focus to the object indirectly named via the focus path. The rules for transforming the focus path 
name to the sequence of keystrokes are somewhat complex and have been fully described elsewhere. 2 These rules are 
embedded in Synlib and are completely transparent to the user. 

This example shows the use of a focus map in naming icons in the front panel. Although the example here deals with a 
simple situation, the same principles and methods can with equal ease be used to name and access objects in deeply 
embedded structures like menus and submenus. In general, naming objects by means of a focus map is far superior to 
naming them by means of an object map. Because access to the objects of interest is via a dynamically generated 
sequence of keystrokes, the programs employing these methods are resistant to changes in window size, fonts, or 
actual object locations. This makes the tests completely portable across platforms, displays, and other environmental 
variabilities. Synlib programs using focus maps to name GUI objects need not be changed at all unless the 
specification of the target application changes. 

Using a similar soft coding technique, Synlib makes it possible to create locale neutral tests, that is, tests that can 
verify the behavior of target applications executing in different language environments without undergoing any change 
themselves. Use of this technique has substantially reduced the cost of testing internationalized GUI applications. A 
complete description of the concept of locale neutral tests has been published. 4 
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Fig. 2. Synlib test execution architecture. 
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Test Execution Architecture 

Synlib provides concepts and tools that enable us to create "one test for one application." The tests, assisted by the 
required environment dependent resource files like object map. focus map, and key map files, can verify the behavior 
of target applications executing on different platforms, using different displays, and working in very different language 
environments. 

Fig. 2 shows an execution architecture for Synlib tests. A key map file contains declarations to name keystrokes, button 
events, and sequences of keystrokes and button events. The key map file provides a way to virtualize and name all 
inputs to be used by a test program. This mechanism is very useful for creating tests for internationalized applications 
and is fully described in reference 4. 

The cost of creating or modifying the environment resource files is minuscule compared to the cost of creating the 
tests themselves. Thus, the ability to create tests that are insensitive to differences in the execution environment of the 
target application has been a great productivity boost to our testing efforts, 

A feature of Synlib test technology is that it does not require any change in the target application. It does not require 
that the application code be modified in any way. There is no need to incorporate any test hook in the application, nor 
is the application required to relink to any foreign test-specific library. Synlib supports a completely noninvasive 
testing framework. The test is directly executed on the application off the shelf. Synlib even makes it possible to write 
the tests before the application is ready for testing. 3 

The author originally designed Synlib to solve the problems of GUI testing facing our lab, mainly testing GUI 
applications that supported a variety of HP displays and operating systems. We designed Synlib to provide a 
technology that yields robust and platform-insensitive tests at a low cost. Synlib proved to be a marvelous fit for 
testing the CDE desktop since one of the main conditions was that the tests would have to verify applications running 
on the platforms of the four participating companies. Essentially it was a problem of creating platform-insensitive 
tests, a problem that we had already solved. The success of Synlib in this endeavour is shown by the large body of 
functioning test suites for the complex applications of the CDE desktop. 
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Abstract: ...direct data movement between two software applications, a background data server and a set of 
configuration files. It contains communication objects and a GUI for mapping program functions among business 
and manufacturing programs. The program also performs spooling and tracing and... 

...that have proprietary hardware architectures and operating systems is 
often not usable on other systems. 

* Different applications use different data 
types according to their specific needs. 

* Incompatible data structures often result because of 

the different groupings of data elements by software applications. 
For example, an element with a common logical... 

...in two applications may still be stored with two different physical 
representations . 

* Applications written in different languages sometimes 
interpret their data values differently. For example C 

and COBOL interpret binary numeric data values 
differently. 

What is needed, therefore, is an off-the-shelf product that is 
specifically designed to... 

...Link components listed above have the common goal of enabling users to 
create middleware that maps components with different 
interfaces together for data transfer. 

In HP Enterprise Link, the combination of a single source address and 
a single destination address is called a mapping. A unit of 
data at the specified source address is said to be mapped to 
the specified destination address. In other words, it can be read 
from the specified source address and written to the specified 
destination address. 

Although a mapping deals with the transfer of a single unit of 
data, real-world situations usually require... 

...circumstances such transfers should occur (Figure 3). 


(Figure 3 ILLUSTRATION OMITTED) 
The HP Enterprise Link configuration tool is composed of 
communication objects and a graphical user interface ( 
GUI) . Communication objects are used to obtain 
namespace data that is unique to each application and to 

provide application-specific windows. The configuration tool provides the 
user with an easy-to-use point-and-click style GUI. 

All dependencies on particular software applications are encapsulated 
in communication objects. The configuration tool's 
communication objects provide the following functionality: 

* They fetch namespace information from communicating software 
applications for presentation to... to specify triggers unique to a 
particular software application. 

* They provide routines to tell the GUI exactly what 
functionality is supported by a communication object. For example, 
can the application software serve only as a data source (supply 
data values), or can it serve as both a data source and a 

data destination (both supply and use data values)? 

There are three important windows in the configuration tool's 
GUI: the Edit Method window, the Edit Mapping window, and the 
Trigger Configuration window. 

Edit Mapping. The Edit Mapping window is used to... 

...users to specify which data to move where. They don't have to remember 
the names of data sources or data destinations. 
Instead they just choose from the displayed list of 
possibilities. The side-by-side display of application namespaces 
makes it much easier to integrate the applications. 
(Figure 4 ILLUSTRATION OMITTED... 

...many software applications. 

To create a new mapping the user selects an item from the 
Mapping Source tree diagram and an item from the 
Mapping Destination tree diagram, and then clicks the Add 
Mapping button. A new mapping is added to the mapping 
table displayed on the Edit Method window (Figure 5) . 
(Figure 5 ILLUSTRATION OMITTED) 

Multiple static mappings can be created in... 

...transform these addresses to valid destination addresses. 

Edit Method. The Edit Method window (Figure 5) displays a 
method's mappings as a two-column table titled Mappings. 
Source addresses appear in the left column and 

destination addresses appear in the right. The data server transfers 
mapped data from source addresses to 

destination addresses in the same order as the mappings are listed 
in this table. The Mappings... 

...in the source application. For the RTAP triggers in Figure 6 interesting 
events include a database value change or the occurrence of 
an RTAP database alarm. Data can also be mapped when 
something interesting happens in the destination application. 


Thus, triggers allow data transfers to be... 

. . . s methods . 

The Data Server 

The HP Enterprise Link data server is composed of communication 
objects, a trigger manager, and a mapping engine (Figure 7) . 
Communication objects deal with the problems of generating triggers 
and getting data into and out of software... 

...events. The mapping engine deals with the problems of reading 
configuration files, responding to triggers, mapping source 
addresses to destination addresses, and transforming the data as it 
is being mapped. 

(Figure 7 ILLUSTRATION OMITTED) 

All software-application dependencies are encapsulated in 
communication objects. Communication objects serve as 
translators between external software applications and the data 
server's mapping engine — they translate the software application's native 
application program interface (API) to the interface used by the 
mapping engine. 

The interface between a communication object and the 
mapping engine is standardized, with all communication 
objects using the same interface. For data that is being 
transferred, the interface consists solely of... memory, shared files, 
TCP/IP sockets, or an application program interface (API) . 

When a communication object transfers data, it 
translates data between the format used by the source software 
application and the neutral format required by the mapping engine. 
For example, for numeric values, a communication object may have to 
translate between binary IEEE-754 floating-point format and the 
mapping engine's neutral format. 

In. . . 

...the current trigger event (if multiple methods were simultaneously 
triggered) . 

The interface between the communication object and the 
mapping engine is designed to support transaction-oriented data 
transfers, using commit and rollback. This functionality... 

...waiting for the trigger criteria of any configured method to be 
satisfied. 

When either a source or destination communication 
object in the data server detects that a method's trigger criteria 
have been satisfied, the... 

...informs the data server trigger manager that a method has been 
triggered. This starts the mapping engine. Alternatively, if 
the data server trigger manager detects that a method's time-based trigger 
criteria have been satisfied, the mapping engine starts. 

When triggered, the mapping engine requests that the 
source communication object provide the current data 
values at the method's configured source addresses. 
The source communication object obtains these values from the 


software application, translates the format of all fetched 
data values to a neutral format, and passes the result to the 
mapping engine as address-value pairs, with one such pair for each 
of the method's defined mappings. 

The data server mapping engine looks up the destination 
address that corresponds to each source address. This lookup results in a 
new list of address-value pairs, with the address now being the destination 
address, and the value unchanged (and still expressed in the 
mapping engine's neutral format). To minimize the impact on 
performance, this lookup is implemented using a hash table. 

The mapping engine sends the new list of address-value 
pairs to the destination communication object. The 
destination communication object converts the 

received values into the format required by the destination software 
application, and writes the converted result to the specified addresses in 
the destination software application. 

Communication Objects and Software Applications 
There are two fundamental ways for software applications to provide 
communication objects... 

...request-reply method, the communication object sends a software 
application the address of a wanted data unit in a request 
and receives its current value in a reply. With this method the 
communication object controls the data... 

...of software applications that employ the request-reply method. 

In the spontaneous-message method, communication objects 
receive data, usually as messages, from the software application 
whenever the application chooses to send it... 

...received it. It also means that incoming data must either be safely 
transferred through the mapping engine or locally buffered when a 
communication object accepts data from the source application 
software . 

Spooling is especially important if the source application is 
separated from the HP... forms in which trace results can be expressed 
include : 

(Figure 8 ILLUSTRATION OMITTED) 

* Data as received by a data server communication 
object from a source software application. This trace data is 
expressed using the source software application's native data... 

...or read, and the time of transfer. 

* Data as sent by a data server communication object to the 
destination software application. This trace data is expressed using 
the destination software application's native data... 

...destination address, the value transferred, and the time of transfer. 

Error messages reported by the mapping engine or by 
communication 

objects can also be included in the trace output. This 
ability ensures that the relative sequencing... 


...application can be interrupted. Interrupting the flow here allows the 

data server to read from mapped source addresses, map 

to new destination addresses, and then discard the data just before 

it would have been written to the... 

...the flow here allows the data server to ignore all data sent to the 
communication object by the source software application. 
Data Integrity 

The HP Enterprise Link data server is carefully designed to preserve 
. . . off. 

Communication channel failures must be handled carefully. If the 
communication channel connecting a communication object to its 
software application fails, the data being mapped at the time of 
failure must not be lost or duplicated. Also, after normal operation... 

...are taken to ensure data integrity when communication channels fail: 

* For data received from the source software application, the 
communication object never acknowledges receipt of the data until 
the data has safely been saved to a disk-resident receive-spool file. 

* Data received by the communication object from the 
source software application is not removed from the receive-spool 
file until the data has successfully passed through the mapping 
engine and been forwarded to the communication object responsible 
for sending it to the destination software application. 

* The communication object that sends data to the 
destination software application only notifies the mapping 
engine that it successfully received the data after the data has 
been safely saved to a disk-resident transmitspool Me... 
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Linking Enterprise Business Systems to the 
Factory Floor 
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Information is the fuel that drives today's business enterprises. The ability 
to link different components in the enterprise together in a user-friendly and 
transparent manner increases the effectiveness of companies involved in 
manufacturing and production. 
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omputers have had a profound effect on how companies conduct 
business. They are used to run enterprise business software and to automate 
factory-floor production. While this has been a great benefit, the level of 
coordination between computers running unrelated application software is 
usually limited. This is because such data transfers are difficult to implement, 
often requiring manual intervention or customized software. Until recently, 
off-the-shelf data transfer solutions were not available. 

HP Enterprise Link is a middleware software product that increases the 
effectiveness of companies involved in manufacturing and production. It allows 
business management software running at the enterprise level, such as SAP's 
R/3 product, to exchange information (via electronic transfer) with software 
applications running on the factory floor. It also allows software applications 
running on the factory floor to exchange information with each other. 

HP Enterprise Link is available for HP 9000 computers running the HP-UX* 
operating system and PC platforms running Microsoft's Windows® NT 
operating system. 

This article will discuss the evolution of the link between business software 
systems and factory automation systems, and the functionality provided in HP 
Enterprise Link to enable these two environments to communicate. 

Background 

Initially, only large corporations could afford computers. They ran batch- 
oriented enterprise business software to do payroll, scheduling, and inventory. 
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As the cost of computing dropped, smaller companies 
began using computers to run business software, and 
companies involved in manufacturing began using them 
to automate factory-floor production. 

Although factory-floor automation led to improved effi- 
ciency and productivity, it was usually conducted on a 
piecemeal basis. Different portions of an assembly line 
were often automated at different times and often with 
different computer equipment, depending on the capabil- 
ities of computer equipment available at the time of 
purchase. As a result, today s factory-floor computers are 
usually isolated hosts, dedicated to automating selected 
steps in production. While various factory-floor functions 
are automated, they do not necessarily communicate with 
one another. They are isolated in "islands of automation." 
To make matters worse, the development of program- 
mable logic controllers (PLCs) and other dedicated "smart" 
factory-floor devices has increased the number of isolated 
computers, making the goal of integrated factory-floor 
computation that much harder to achieve. 

While production software was generally used for smaller, 
more isolated problems, business software was used to 
solve larger company-wide problems. Furthermore, while 


production software was more real-time oriented, busi- 
ness software was more transaction and batch oriented. 
These differing needs caused business systems to evolve 
with little concern for the kind of computing found on the 
factory floor. Similarly, production systems evolved with 
little concern for the kind of computing found at the 
enterprise level. As a result, many enterprise-level business 
systems and factory-floor computers are not able to inter- 
communicate. Figure 1 shows an example of the com- 
ponents that make up a typical enterprise and factory- 
floor environment. 

The net effect is that today companies find it difficult and 
expensive to integrate factory-floor systems with each 
other and with business software running at the enterprise 
level. This is unfortunate because the dynamic nature of 
the marketplace and the desire to reduce inventory levels 
have made the need for such integration very high. 

Marketplace Dynamics 

Over the last decade, the marketplace has become in- 
creasingly dynamic, forcing businesses to adapt ever more 
quickly to changing market conditions. Computer systems 
now experience a continuous stream of modifications and 


Figure 1 

Computing at the enterprise and factory-floor levels. 
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upgrades. Generally, this has forced business systems to 
adopt more real-time behaviors and production systems to 
become more flexible. It has also increased the frequency 
and volume of data transferred between business and 
production systems and between the many production 
systems. 

There has always been a requirement to transfer informa- 
tion between computers in an organization, both horizon- 
tally between computers at the same functional level, and 
vertically between computers at different functional levels. 
In the past, manual data entry was an often-used approach. 
Hard-copy printouts generated by business management 
systems would be provided to operators who manually 
entered the information into one or more production 
systems. Although this was an acceptable approach in the 
past, such an approach is not sufficiently responsive in 
todays dynamic business environment. As a result, the 
need for electronic data transfer capability between the 
various business management and production level 
computers is now very high. 

Electronic Data Transfers 

Integrated business software with built-in support for 
data transfers between components is sometimes used 
at the business management level. While this minimizes 
the effort required to exchange data between the various 
components of enterprise business systems, it is often 
inflexible and restrictive with regard to what can be 
exchanged and when exchanges occur. 

Organizations that use a variety of business software 
packages, rather than a single integrated package, have 
typically developed custom software for electronic data 
transfers between packages. Unfortunately, marketplace 
dynamics require custom software to be constantly re- 
worked. This ongoing rework forces companies to either 
maintain in-house programming expertise or repeatedly 
hire software consultants to implement needed changes. 
As a result, custom data transfer software is not only ex- 
pensive to develop but also costly to maintain— especially 
if changes must be implemented on short notice. 

On the factory floor, software programmers have been 
employed to develop custom data transfer solutions that 
allow the different islands of automation to communicate. 
As previously noted, this approach is difficult to implement 
and expensive to maintain. In addition, this approach is 
often inflexible since the resulting software is usually 


developed assuming that the configuration of factory- 
floor systems is largely static. 

When new equipment and application software are to be 
integrated into the overall system, software programmers 
don't just prepare additional custom software. They must 
also modify the existing custom software for all applica- 
tions involved. For this reason, custom software is often 
avoided, and electronic data transfer capability is fre- 
quently confined to transfers between equipment and 
software supplied by the same manufacturer. 

Differences in hardware (and associated operating sys- 
tems) and differences in the software applications them- 
selves cause numerous application integration problems. 
Here are a few examples: 

■ Data from applications running on computers that 
have proprietary hardware architectures and operating 
systems is often not usable on other systems. 

■ Different applications use different data types according 
to their specific needs. 

■ Incompatible data structures often result because of the 
different groupings of data elements by software applica- 
tions. For example, an element with a common logical 
definition in two applications may still be stored with 
two different physical representations. 

■ Applications written in different languages sometimes 
interpret their data values differently. For example 

C and COBOL interpret binary numeric data values 
differently. 

What is needed, therefore, is an off-the-shelf product that 
is specifically designed to interconnect applications that 
were not originally designed to work together. That 
product must automatically, quickly, efficiently, and cost- 
effectively integrate applications having incompatible 
programming interfaces at the same or different func- 
tional levels of an organization. HP Enterprise Link is 
such a product. 

HP Enterprise Link is an interactive point-and-click soft- 
ware product that is used to connect software applica- 
tions (such as business planning and execution systems) 
to control supervisory systems found on the factory floor. 
HP Enterprise Link greatly reduces the cost and effort 
required to interconnect such systems while eliminating 
the need for custom software. 
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The Data Transfer Problem 

The problem of transferring data from one software appli- 
cation to another is conceptually simple: just fetch the data 
from one system and place it in another. In practice the 
problem is more complex. The following issues arise when 
trying to implement electronic data transfer solutions: 

■ There must be a way to obtain data from the software 
application serving as the data source. Such access, for 
example, might be provided by a library of callable C 
functions. 

■ There must be a way to forward data to the software 
application serving as the data destination. For example, 
data might be placed in messages that are sent to the 
destination application. 

■ There must be a specification of exactly what to fetch 
from the source application and exactly where to place 
it in the destination application. 

* The data being transferred must be translated from 
the format provided by the data source to the format 
required by the data destination. 

■ There must be a specification of the circumstances 
under which data should be transferred and a way to 
detect when these circumstances occur. 

All of these issues arc addressed in H P Enterprise Link. 
HP Enterprise Link 

HP Enterprise Link product consists of the three compo- 
nents shown in Figure 2: 

■ An interactive configuration tool. This interactive 
window-based application allows users to direct the 
movement of data between two software applications. 

■ A data server. This noninteractive process runs in the 
background. It moves data in accordance with the direc- 
tives that the user specified with the configuration tool. 

■ Configuration files. This is the set of mappings and 
trigger criteria created by users. The data is stored in 
configuration files. These files are created and modified 
by the configuration tool and read by the data server. 

Linking Components 

The HP Enterprise Link components listed above have the 
common goal of enabling users to create middleware that 


Figure 2 

The components of HP Enterprise Link. 
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maps components with different interfaces together for 
data transfer. 

In HP Enterprise Link, the combination of a single source 
address and a single destination address is called a map- 
ping. A unit of data at the specified source address is said 
to be mapped to the specified destination address. In 
other words, it can be read from the specified source 
address and written to the specified destination address. 

Although a mapping deals with the transfer of a single 
unit of data, real-world situations usually require the 
transfer of many units of data simultaneously. Therefore, 
HP Enterprise Link collects mappings into groups called 
methods. A method contains one or more mappings. 

Mappings describe what to transfer and where to transfer 
it, whereas triggers describe exactly when to do the 
transfer. Data is actually transferred whenever a specified 
trigger condition is satisfied. This condition is called the 
trigger criterion. There are many possible trigger criteria 
such as: 

■ Whenever a unit of data at a specified source address 
changes value 

■ Whenever a unit of data at a specified source address is 
set to a specified value 

■ Whenever the source data becomes available — such as 
arriving in a message 

■ At a preset time of the day or a preset day of the week. 
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HP Enterprise Link considers trigger criteria to be part of 
the definition of a method. All the mappings for a single 
method share the same trigger criteria. Whenever the 
trigger criteria are met, HP Enterprise Link transfers— in 
unison— all the data specified by the method's mappings. 

Multiple methods can simultaneously exist in HP Enter- 
prise Link. For example, a user can create one method to 
transfer a particular production recipe from a business 
enterprise system down to a factory- floor control system. 
Conversely, raw-material consumption information for 
the recipe currently in production could be transferred 
periodically from the factory-floor control system up to 
the business enterprise system, using a second method. 

The Configuration Tool 

The HP Enterprise Link configuration tool provides users 
with a view of each software applications name space, 
and the tool graphically depicts what data to transfer and 
under what circumstances such transfers should occur 
(Figure 3). 

The HP Enterprise Link configuration tool is composed 
of communication objects and a graphical user interface 
(GUI). Communication objects are used to obtain name- 
space data that is unique to each application and to pro- 
vide application-specific windows. The configuration tool 
provides the user with an easy-to-use point-and-click style 
GUI. 


Figure 3 

The HP Enterprise Link configuration tool. 
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All dependencies on particular software applications are 
encapsulated in communication objects. The configura- 
tion tool's communication objects provide the following 
functionality: 

■ They fetch namespace information from communicating 
software applications for presentation to the user. 

■ They provide routines to create and manage application 
dependent control panel widgets, such as those used 

to specify triggers unique to a particular software 
application. 

« They provide routines to tell the GUI exactly what func- 
tionality is supported by a communication object. For 
example, can the application software serve only as a 
data source (supply data values), or can it serve as both 
a data source and a data destination (both supply and 
use data values)? 

There are three important windows in the configuration 
tool s GUI: the Edit Method window, the Edit Mapping 
window, and the Trigger Configuration window. 

Edit Mapping. The Edit Mapping window is used to create 
new mappings (Figure 4) . The namespaces of both the 
source software application and the destination software 
application are shown. They are graphically displayed 
as tree diagrams. This makes it easy for users to specify 
which data to move where. They don't have to remember 
the names of data sources or data destinations. Instead 
they just choose from the displayed list of possibilities. 
The side-by -side display of application namespaces makes 
it much easier to integrate the applications. 

Tree diagrams are used because they make large name- 
spaces manageable. A linear namespace display was 
rejected early in the design of HP Enterprise Link because 
a flat list representation would only be manageable with 
software applications having a small namespace. Another 
advantage of tree diagrams is that most users are already 
familiar with them from file selector windows found in 
many software applications. 

To create a new mapping the user selects an item from 
the Mapping Source tree diagram and an item from the 
Mapping Destination tree diagram, and then clicks the Add 
Mapping button. A new mapping is added to the mapping 
table displayed on the Edit Method window (Figure 5). 
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Figure 4 

The Edit Mapping window. 



Multiple static mappings can be created in a single step 
using branch assignments. This requires that the last com- 
ponent of the source and destination addresses be identi- 
cal (so that appropriate mappings can be automatically 
created). Mappings can also be automatically created at 
the time methods are triggered. This is called dynamic 
mapping and requires the user to specify algorithms that 
can select source addresses and transform these addresses 
to valid destination addresses. 

Edit Method. The Edit Method window (Figure 5) displays 
a methods mappings as a two-column table titled Map- 
pings. Source addresses appear in the left column and 
destination addresses appear in the right. The data server 
transfers mapped data from source addresses to destina- 
tion addresses in the same order as the mappings are 
listed in this table. The Mappings table makes mappings 
both explicit and intuitive to the user. 


This window allows the user to specify in which direction 
to transfer data. All of a method's mappings specify data 
transfers in one direction— from one software application 
to another. The Edit Method window also allows the user 
to specify how to respond to errors that occur during data 
transfers. This will be described later in more detail. 

Trigger Configuration. The Trigger Configuration window 
is used to define trigger criteria (Figure 6). This window 
displays all possible triggers to the user, as well as the 
currently configured trigger criteria. The Trigger Configura- 
tion window is designed to make setting up trigger criteria 
explicit and intuitive for the user. 

The Trigger Configuration window is split into three groups: 
time triggers, triggers unique to the source application, 
and triggers unique to the destination application. Time 
triggers allow the user to specify that data mapping start 
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Figure 5 

The Edit Method window. 
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at some specified time and repeat at a specified time 
interval, but be synchronized to a specified hour/minute/ 
second of the day/hour/minute. 

Triggers unique to the source application, such as the 
RTAP (real-time application platform) triggers shown in 
Figure 6, allow data to be mapped when something inter- 
esting happens in the source application. For the RTAP 
triggers in Figure 6 interesting events include a database 
value change or the occurrence of an RTAP database 
alarm. Data can also be mapped when something interest- 
ing happens in the destination application. 

Thus, triggers allow data transfers to be pushed from the 
source application, pulled from the destination applica- 
tion, or scheduled by time. 

Summary. Using the windows just described, users can 
create methods with the configuration tool. These methods 
specify one or more mappings and associated trigger 
criteria. This information is saved in one or more configu- 
ration files. The data server then reads these configuration 
files to implement the user's methods. 

The Data Server 

The HP Enterprise Link data server is composed of com- 
munication objects, a trigger manager, and a mapping 


Figure 6 

The Trigger Configuration window. 
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engine (Figure 7). Communication objects deal with the 
problems of generating triggers and getting data into and 
out of software applications. The trigger manager deals 
with dispersing Trigger Configuration data, coordinating 
trigger events, and notifying the mapping engine of trigger 
events. The mapping engine deals with the problems of 
reading configuration files, responding to triggers, mapping 
source addresses to destination addresses, and transform- 
ing the data as it is being mapped. 

All software-application dependencies are encapsulated 
in communication objects. Communication objects serve 
as translators between external software applications and 
the data server's mapping engine—they translate the 
software applications native application program inter- 
face (API) to the interface used by the mapping engine. 

The interface between a communication object and the 
mapping engine is standardized, with all communication 
objects using the same interface. For data that is being 
transferred, the interface consists solely of address-value 
pairs, where the address is from the application soft- 
wares namespace, and the value is encoded in a neutral 
form. Thus a communication object only needs to be 
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Figure 7 

The components of the HP Enterprise Link data server. 
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aware of its own namespace and how to convert between 
the software application's proprietary data formats and 
the neutral HP Enterprise Link data format. For triggers, 
the interface consists of well-documented interactions 
between the trigger manager and the communication 
objects. 

Communication objects are usually distributed. They are 
split into two parts that are interconnected by a communi- 
cation channel such as a TCP/IP socket. One part of the 
object is incorporated into the HP Enterprise Link data 
server process, while the other runs on the same machine 
as the corresponding software application. When a com- 
munication object is not split into two parts, the object, 
the data server, and the software application must run on 
the same machine. 

Communication objects communicate with their corre- 
sponding software applications through whatever mecha- 
nism is available. For example, this could be through a 
serial port, shared memory, shared files, TCP/IP sockets, 
or an application program interface (API). 

When a communication object transfers data, it translates 
data between the format used by the source software ap- 
plication and the neutral format required by the mapping 
engine. For example, for numeric values, a communica- 
tion object may have to translate between binary 1EEE-754 
floating-point format and the mapping engine's neutral 
format. 


In practice, not all data transfer attempts will be success- 
ful. For example, a particular source address might have 
been deleted, or a destination address may no longer 
exist. The configuration tool is used to specify what the 
mapping engine should do in this situation, and the data 
server must detect the condition and deal with it appro- 
priately. When data transfer attempts fail, the user can 
have the data server do any one of the following: 

* Continue mapping data (ignoring the error) 

■ Abort all subsequent mappings associated with the 
current method 

■ Abort all subsequent mappings and all subsequent 
methods triggered by the current trigger event (if 
multiple methods were simultaneously triggered). 

The interface between the communication object and 
the mapping engine is designed to support transaction- 
oriented data transfers, using commit and rollback. This 
functionality comes into play when mapping attempts fail. 
It allows the data server to undo (roll back) all data trans- 
fers done in all currently processed mappings associated 
with the method's current trigger event. 

The Running Data Server 

When the HP Enterprise Link data server starts up, it reads 
the configuration files that the user created with the con- 
figuration tool. It then prepares to deal with the specified 
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trigger criteria, usually by notifying the appropriate 
communication object to detect it. Finally, it enters an 
event-driven mode, waiting for the trigger criteria of any 
configured method to be satisfied. 

When either a source or destination communication 
object in the data server detects that a method's trigger 
criteria have been satisfied, the object informs the data 
server trigger manager that a method has been triggered. 
This starts the mapping engine. Alternatively, if the data 
server trigger manager detects that a method's time-based 
trigger criteria have been satisfied, the mapping engine 
starts. 

When triggered, the mapping engine requests that the 
source communication object provide the current data 
values at the method's configured source addresses. The 
source communication object obtains these values from 
the software application, translates the format of all 
fetched data values to a neutral format, and passes the 
result to the mapping engine as address-value pairs, with 
one such pair for each of the method's defined mappings. 

The data server mapping engine looks up the destination 
address that corresponds to each source address. This 
lookup results in a new list of address-value pairs, with 
the address now being the destination address, and the 
value unchanged (and still expressed in the mapping 
engine's neutral format). To minimize the impact on per- 
formance, this lookup is implemented using a hash table. 

The mapping engine sends the new list of address-value 
pairs to the destination communication object. The des- 
tination communication object converts the received 
values into the format required by the destination software 
application, and writes the converted result to the speci- 
fied addresses in the destination software application. 

Communication Objects and Software Applications 

There are two fundamental ways for software applications 
to provide communication objects access to their data: 
the request-reply method and the spontaneous-message 
method. 

In the request-reply method, the communication object 
sends a software application the address of a wanted data 
unit in a request and receives its current value in a reply. 
With this method the communication object controls the 
data transfer. It determines which unit of data to read and 
when to read it. Structured Query Language (SQL) and 


real-time databases are two examples of software applica- 
tions that employ the request-reply method. 

In the spontaneous-message method, communication ob- 
jects receive data, usually as messages, from the software 
application whenever the application chooses to send it. 
With this method the software application controls the 
data transfer. It determines which data to provide and 
when to provide it. SAP's R/3 product is an example of 
a software application using the spontaneous-message 
method. 

The method that a software application employs to provide 
external data access determines the trigger criteria that 
are possible for that application's communication object. 
The request-reply method allows event, value, and time- 
based trigger criteria since the communication object 
controls the data transfer. The spontaneous message 
method is limited to value-based triggering (essentially 
filtering) because the software application providing the 
data controls the data transfer. 

Spooling 

The HP Enterprise Link data server's communication 
objects must cope with communication failures. This 
means that outgoing data must be locally buffered until 
a communication object verifies that the application soft- 
ware, when acting as a destination, has successfully re- 
ceived it. It also means that incoming data must either be 
safely transferred through the mapping engine or locally 
buffered when a communication object accepts data from 
the source application software. 

Spooling is especially important if the source application 
is separated from the HP Enterprise Link data server by 
a wide area network (WAN). WANs are considerably less 
reliable than local area networks, and thus are more likely 
to lose data. 

In a typical HP Enterprise Link installation the data server 
runs on a machine located near or on the factory floor. 
Production orders are downloaded from the enterprise 
level to HP Enterprise Link as soon as they are available. 
The downloaded data is buffered at the factory until it is 
needed. Using HP Enterprise Link in this way reduces the 
probability that the factory would lack unprocessed pro- 
duction orders if the WAN is down for a prolonged period 
of time. 
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Buffered data must be preserved even if the HP Enterprise 
Link host machine is shut down or crashes. To do this. HP 
Enterprise Link stores buffered data in disk-resident spool 
files. 

The amount of storage used to hold buffered data must be 
restricted to protect the host computer from failure caused 
by insufficient resources. HP Enterprise Link can limit the 
size of spool files by controlling: 

■ The maximum size of spool storage 

■ The maximum number of messages buffered 

■ The age of the oldest message buffered. 

The user can set any one or all of these limits, using the 
HP Enterprise Link configuration tool 

Tracing 

HP Enterprise Link allows the data being transferred 
to be monitored by the user. The monitoring is called 
tracing. Tracing is useful for creating an audit trail of the 
transferred data and for debugging and testing methods. 
Tracing does not affect the data being transferred. 

The configuration tool is used to enable and disable trac- 
ing, but it is the data server that generates trace messages 
when tracing is enabled. 

Data can be traced at a number of different internal loca- 
tions within the data server (see Figure 8). Some of the 
forms in which trace results can be expressed include: 

m Data as received by a data server communication object 
from a source software application. This trace data is 
expressed using the source software application's native 


data format and includes the source address, the value 
received or read, and the time of transfer. 

■ Data as sent by a data server communication object to 
the destination software application. This trace data is 
expressed using the destination software application's 
native data format and includes the destination address, 
the value sent or written, and the time of transfer. 

■ Data being mapped by the mapping engine. This trace 
data is expressed using the data server mapping engines 
neutral data format and includes the source address, the 
destination address, the value transferred, and the time 
of transfer. 

Error messages reported by the mapping engine or by 
communication objects can also be included in the trace 
output. This ability ensures that the relative sequencing of 
data transfer messages and error messages is preserved, 
which greatly aids the user when trying to troubleshoot 
mapping problems. 

Server Data Flow 

HP Enterprise Link allows the flow of data in the data 
server to be interrupted at a number of different internal 
points (see Figure 9). This is useful for isolating the 
effects of data mappings during debugging and testing. 
When an information flow is interrupted, data does 
not pass the point of interruption; instead, the data is 
discarded. 

The flow of information being transferred from a commu- 
nication object to a software application can be inter- 
rupted. Interrupting the flow here allows the data server 


Figure 8 

Tracing data that is transferred between applications. 
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Figure 9 

Interrupt locations in the data server. 
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to read from mapped source addresses, map to new des- 
tination addresses, and then discard the data just before 
it would have been written to the destination software 
application. 

The flow of information being transferred from a software 
application to a communication object can also be inde- 
pendently interrupted. Interrupting the flow here allows 
the data server to ignore all data sent to the communica- 
tion object by the source software application. 

Data Integrity 

The HP Enterprise Link data server is carefully designed 
to preserve the integrity of the data being mapped and 
to map the data exactly once for each trigger event. The 
design was influenced by considering how to react to 
communication channel failures and data server process 
terminations. The circumstances that could cause the 
data server process to terminate are the following: 

■ If a person or software process explicitly kills the data 
server process 

■ If the host machine suffers a hardware or software 
failure, loses power, or is manually turned off. 

Communication channel failures must be handled care- 
fully. If the communication channel connecting a commu- 
nication object to its software application fails, the data 


being mapped at the time of failure must not be lost or 
duplicated. Also, after normal operation of the communi- 
cation channel is restored, communication between the 
communication object and its application must be auto- 
matically established again and all interrupted data trans- 
fers restarted. 

The following steps are taken to ensure data integrity 
when communication channels fail: 

■ For data received from the source software application, 
the communication object never acknowledges receipt 
of the data until the data has safely been saved to a 
disk-resident receive-spool file. 

■ Data received by the communication object from the 
source software application is not removed from the 
receive-spool file until the data has successfully passed 
through the mapping engine and been forwarded to the 
communication object responsible for sending it to the 
destination software application. 

■ The communication object that sends data to the des- 
tination software application only notifies the mapping 
engine that it successfully received the data after the 
data has been safely saved to a disk-resident transmit- 
spool file. Also, it only removes data from the transmit- 
spool file when the destination software application has 
acknowledged successful receipt of the data. 
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Conclusion 


The HP Enterprise Link product greatly reduces the cost 
and effort required to interconnect business management 
systems (such as SAP's R/3 product) and measurement and 
control systems (such as Hewlett-Packard's RTAP/Plus 
product). HP Enterprise Link is an off-the-shelf product 
that allows users to connect software applications using 
an easy-to-use point and click graphical user interface. 

With HP Enterprise Link, companies can minimize the 
costs associated with changes made to computer systems 
and adapt more quickly to changing market conditions. 
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...and rendering. In the tessellation stage, a description of an object is 
created and the object is then converted to a set of 

polygons. The geometry stage includes transformation, lighting, and setup. 
The rendering ... 

« • * •* ••> 

...maximizing performance. 

In the tessellation stage, a description of an object is created, and 
the object is converted to a set of polygons. Then, the 
geometry stage performs the following tasks: 

Transformation: Translating and rotating 3D 
objects, thereby positioning the viewer within the 3D space. 

Lighting: Determining lighting, shading, and texture characteristics 
...the U direction will change. If the addition of a du or a dv does 
not cause the UV address to change, the same texel is 
mapped onto the triangle; if a change is made, a new texel is mapped 
onto the ... 

...written to the frame buffer. The disadvantage is the blocky image that 
results when the object moves. More advanced texture-mapping 
algorithms include bilinear filtering and MIP mapping. 

Z-buffering. When objects are rendered into a 2D frame buffer, 
the rendering engine must remove hidden surfaces. The... image. It takes 
into account the effect of the Z value in a. scene while mapping 
texels onto the surface of polygons. As, a 3D object goes away from 
the viewer, the length and height of the- object become compressed, making 

...purpose of MIP mapping is to remove this effect. 

This algorithm stores a number of different sizes of the 
texture map in memory, representing different resolutions. 
When a 3D object is large, due to its proximity to the viewer, a 
correspondingly large texture map is used. As the object 

moves away from the view point, the rendering engine switches to a smaller 
texture size . . . 


...in which the four sampled texels are fetched from one of several 
versions of the original texture map. 

Since the number of texture maps is limited, one artifact possible in 
a MlP-mapping approach occurs when an object is moving toward 
or away from the view point. As the object crosses a MIP boundary, a 
change can sometimes be noticed when switching from one texture 
map to another. 

Trilinear MIP mapping solves this problem by interpolating 
between MIP map levels. The texel value is computed by... 

...are written to the frame buffer. The texture is modulated with respect 
to the lighting source (s). Lighted texture mapping is a 

feature beyond Gouraud shading with an intensity ramp to achieve lighting 
effects. 

3D. . . 

...the GUI model increased the complexity of both software and hardware 
compared with simple text-mapped displays, moving to 3D adds 
another layer of complexity. Yet with increasing transistor budgets 
and the availability of inexpensive DRAM and. 5 .. 

...these concepts are only summarized here.. 

Alpha-blending — Technique for adding transparency information for 
translucent objects. 

Alpha buffer--An extra channel to hold transparency 
information; pixels become quad values (RGBA) . 

Anti-aliasing — Subpixel interpolation, which. .. Parvum (Latin) means 
many in one. A method of increasing the quality of a texture map by 
applying different-resolution texture maps for 
different objects in the same image, depending on their size 
and depth. 

OpenGL — Silicon Graphics 1 high-level... 
. . .pixels . 

RealityLab — Microsoft's high-level object-based 3D API, originated by 
Rendermorphics . It directly manipulates objects, lights, and 
cameras . 

Rendering — The stage of the 3D pipeline that creates a 2D display... 

...of rendering based on subpixel interpolation. 

Tessellation — The first stage of the 3D pipeline, which 
converts a description of an object into a set of 
three-dimensional polygons. 

Texture f iltering--Removing aliasing artifacts, such as sparkles and 
blockiness, through interpolation of stored texture images. 

Texture mapping — Wrapping textures around objects to add 
realism or to reduce complexity. 

Transformation — Translation and rotation in a 3D environment... 
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...define custom alarm conditions. When an alarm occurs the Network Manager 

Console beeps , the network map displays an alarm condition 

and the event is logged into an alarm database. Often alerts went... 

...between uses. Time and frustration could be saved if OpenView 
Professional automatically opened the last map each time it started. 
Many of the list boxes do not allow multiple selection. Another 
frustrating limitation was that the device access list was limited 
to each local map. This prevents any way to specify global defaults. 

The map drawing tools are somewhat primitive as well. For example, 
there was no way to change the symbol of a mapped 

device without first deleting it and then adding a new symbol. Also, 

the selection of symbols was limited. Furthermore, mapping tools did not 

support sub-net designations, or the topology definition. There was 

no way to rearrange or center maps on the display. On 

a map there was no way to distinguish between similar devices — all 

routers looked the same, all... Cisco routers. It provided more information 

on the Cisco router than the 3Com. 

TNG offers alternates to Map views that also are 
useful, such as a node listing called ObjectView. Similar to Windows 
Explorer with nested directories, ObjectView shows any additional 
information known. . . 

...to the network, discovery must be restarted. Then, after the nodes are 

added to the database, the map or topology browser must be 

manually refreshed. Nodes that are disconnected are reported, and alerts 

can be configured. The status change appears in the map 

display and in the alerts log, with the type of alert 

color-coded. 

The standard Unicenter TNG can do some reconfiguring of selected 
routers and switches. As part of ObjectView, the 
configuration can be changed by re-entering the settings if 
the configurations are exposed in the management information base... 

. . . daily basis . 

TNG is visually appealing. It's easy to distinguish device types from 


their map symbols, and the list of available symbols is 
extensive . 

Unicenter TNG has a Design Mode that lets the user ... add-in options. 
To manage a 100-node network with agents on five servers, the list 
price including the first year maintenance is about $37,000. 

To manage a 250-node network with agents on 10 servers, the 
list price including the first year's maintenance is about 
$62,000. This translates to $250 to $370 per node... 

...using a combination of temporary leased equipment and LANQuest Labs 1 
internal company network. 

After our initial records of each product's ease of 
installation, as well as how many additional applications it... 


19970825 


InternetWeek | The Business and Technology of the Internet | http://intemetweek.cmp.com Page 1 of 12 


IT Architect Vendor Perspectives 

TechWebCast ^Capgcmini W 


ORACLE 4 



CMP 


Part of the 


TecfeWeb 


Business Technology Network 


INTERNETWEEK 


YOUi 
BUJ 
OF 


SEARCH P 


find it! 


Free Newsletter Glossary Contact Us 


NEWS TRENDS 1 HANDS ON 1 BLOG ' PRODUCT FINDER * INTERNET BUSINESS ! SOFTWARE I SECUR 


REVIEWS 


August 25, 1997 


Challengers 

VS. ClMP 


By GAIL JAMES and MICHAEL SPIGELMIRE 

What does it cost per user for your company to maintain your corporate data network each 
year? Is it $2,000, $5,000, $10,000-more? How many users and servers can one network 
manager support? Is it 200, 1 00, 50 or fewer? It's clear today that the only way to restrain 
cost-of-ownership for complex distributed enterprise networks is to invest in network 
management tools and training so managers can do their jobs more efficiently. The results 
can be dramatic. 

Some organizations have been successful in cutting cost-of-ownership by over 50 percent- 
enabling their network managers to double the number of users and servers supported. 

Recent market studies by International Data Corp. and other analysts indicate that 
successfully implemented enterprise management systems can provide annual savings of 
$1 ,000 to $5,000 per user. If your company network has 500 or more nodes and the cost to 
implement an enterprise management system is $75,000 to $100,000, that amounts to less 
than $200 per user. The cost savings make the decision a "no brainer." But, if your network 
is only 100 1 o 200 nodes, you might think twice before spending $500 per node. 

For managers in this position, there are alternatives. Network management systems (NMS) 
for small-to-medium-sized networks can be implemented for under $20,000. 

To help you make informed decisions about which network management platform best 
meets your needs, we set up a challenge match pitting two leading PC LAN-oriented network 
management systems, HP OpenView Professional and Novell's ManageWise, against 
Computer Associates International's Unicenter TNG, the steady leader of enterprise 
management system solutions. We wanted to find out how far we could take our 
middleweight contenders, and when it pays to bite the bullet and spring for the heavy guns. 

This NMS challenge took place in July using a test network composed of routers, switches, 
multiple LAN segments, WAN connections, several network servers and over 60 
workstations and PCs. Seven network management systems vendors, some enterprise 
heavyweights and some PC LAN middleweights were invited. 
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Of the heavyweights, only Computer Associates (CA) decided to climb into the ring. Though 
we asked Hewlett-Packard to participate on an enterprise level (something OpenView is 
capable of in certain versions), HP was only able to supply us with the smaller, Professional 
Suite version. Vendors who declined the challenge included IBM/Tivoli, Sun Microsystems, 
Cabletron and Platinum Technologies. 

Overall, we were impressed by all the contenders, although in different ways. We not only 
reviewed each product as a whole, but also compared all three using specific criteria. For 
example, when it came to something as basic as installation, we found ManageWise to be 
straightforward and reliable, while the other two had some problems. Unicenter TNG is a big 
product with lots of installation options, meaning it took awhile to get everything properly 
configured. OpenView Professional should have had an easier install process as well, but in 
fairness we were working with a beta version of the new OpenView and not a fully shipping 
product. ManageWise only took a hit for some problems with the Network Manager Console 
portion of the installation. 

Our second criteria was very important, carrying double weight in the final scoring. The 
power of any network management system starts with its ability to find and manage existing 
network equipment. TNG was the dominator, finding most of our test network immediately 
and the rest with only a little extra time and guidance; it also recognized the routed sub-nets 
in the process. ManageWise and OpenView Professional wound up doing only half the job. 
ManageWise found our IP/IPX nodes quickly, but failed to find most IP-only nodes. 
OpenView was just the reverse. It did a good job with IP-only nodes, but couldn't find any 
IP/IPX nodes. TNG out scored the efforts of the other two combined. 

Overall, we had 10 product criteria to judge our contenders. Aside from the two mentioned, 
we also looked at application management, traffic and performance metering, 
troubleshooting and fault management, console look and feel, management reports, 
flexibility and third-party support, pricing, and even vendor support and commitment. 

While you can read how each product performed in the reviews, some criteria requires 
further discussion. For example, traffic and performance metering is a very important 
category for any network management solution. For traffic management, TNG is a good 
listener and reporter as is ManageWise, if the language is IPX. TNG gathers SNMP and 
RMON data, but we were disappointed to find it doesn't measure performance or provide 
trend analysis. 

ManageWise has a third-party protocol analysis product built-in, called LANalyzer, which 
provides good utilization and performance data, but only on its local segment. OpenView has 
an NT version of HP's NetMetrix traffic performance analyzer, but this beta version was 
unstable and had to be removed. We were surprised to conclude that all three contenders 
need t o be more proactive to get a handle on real-time performance and analysis. 

Another key factor for network and IS personnel is the flexibility with which they can access 
and view their network's management reports. While it was no revelation to discover TNG's 
reporting was fairly complete and understandable, we found ManageWise to be not as 
thorough but still a good provider of server and alarm tracking reports. OpenView, on the 
other hand, surprised us by providing only viewing-reports can't be sent to a file or printer. 

The criteria dealing with third-party and even internal vendor support also needs explanation. 
Implementing one of these solutions in a network of any size means a substantial 
commitment on the part of the customer, so it's only logical buyers would want to be certain 
of their chosen product's popularity and life expectancy. And because all three contenders 
also act as platforms for running third-party add-on software, gauging how their NMS is seen 
in the eyes of the industry also is important. 

In the case of CA's TNG, this product's breadth and name recognition are paying off. CA is 
obviously extremely committed to the product since, by all accounts, it makes up around a 
quarter of the company's total revenue. 

The company announced recently its intention to beef up the software with new automatic 
agent features and Internet management capabilities late in '1997. It also recently shipped 
Unicenter/Advanced Help Desk (AHD), which provides a Web interface and knowledge tool 
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capabilities. As one of the market leaders in enterprise management software, TNG offers 
excellent flexibility and third-party support. 

By contrast, analysts estimate that HP's OpenView platform, as a whole, carries almost 16 
percent of the NMS market, and has generated substantial third-party interest as well. And 
it's not just in selling add-on software functionality, but also on the hardware side, where 
droves of vendors are ensuring that their products can be man aged by OpenView. 
Managers implementing OpenView can rely on the support of over 500 third-party plug-ins 
that allow OpenView to control a wide variety of network resources. 

Yes, it's true that the base Professional package we reviewed here shows OpenView in 
somewhat of a pale light next to behemoth TNG, but remember we didn't test add-on 
software. 

There was simply too big a list to choose from, and HP decided not to choose for us. And 
remember we also didn't get our hands on the full-blown enterprise version. HP has 
announced and delivered significant enhancements to OpenView Network Node Manager, 
even during our testing process, including a new Java-enabled console and extensions to 
the bundled HP NetMetrix metering tool that will allow managers to track network response 
time. 

ManageWise proved that Novell still carries some weight-but we found it needs a new OS 
platform to improve flexibility and get third-party vendors re-energized. Novell is responding 
to some of th ese needs with its upcoming Java-based version, code-named Houston. 
According to Novell, this version will allow network administrators to manage their networks 
via any Java-enabled Web browser and is designed to deliver a distributed model of network 
management. 

The company has also released two new tools for the Windows NT platform. Workstation 
Manager lets users manage Windows NT workstations using NDS, while Novell 
Administrator for Windows NT integrates NDS tree structures with Windows NT domains. 

Novell is forging key industry alliances that will secure ManageWise's long-term future. 
Novell and CA have announced multiple partnerships, covering not only the ManageWise 
version that will integrate with the larger Unicenter TNG framework, but also an agreement 
that may lead to the integration of Novell's NDS directory technology into TNG. 

For now, the deal means that Unicenter users will receive a special bundled version of 
ManageWise for managing their IntranetWare segments, and Mana geWise users will find 
copies of CA's ARCserve backup software. The companies plan for a much deeper 
integration in the future, including seamless moving of network objects between the two 
systems and using NDS to allow Unicenter much greater power as a central network 
information repository. 

And Novell is still strongly encouraging other third-party vendors to build add-on functionality 
for the basic ManageWise platform. One example is NetPro Computing Inc.'s Config Central 
for NetWare, a new ManageWise snap-in that handles NetWare Loadable Module (NLM) 
software management. 

For the future, each vendor claims to strongly support its respective combatant. CA has the 
most at stake and is investing the heaviest. HP is emphasizing OpenView Network Node 
Manager, but OpenView Professional doesn't seem to be taking off among users as well as 
expected. Novell has been diverted with other concerns, but is now investing in 
ManageWise's future. 

Although each product had a few surpris es, good and bad, they fit their reported niches very 
well. TNG is still the best choice for those managing large installations needing as much as 
they can out of one NMS solution. ManageWise is still the top tool for dedicated 
IntranetWare shops, but is expanding fast to be able to handle a medium-sized network with 
heterogenous intranet operating systems as well. 

HP's OpenView was still the darkest horse in the challenge even after testing, mainly since 


http://internetweek.cmp.com/reviews/rev0825.htm 


6/13/2006 


InternetWeek | The Business and Technology of the Internet | http://internetweek.cmp.com Page 4 of 12 


we were limited to the OpenView Professional product, which is a subset of the larger 
OpenView Network Node Manager. Even so, the Professional suite showed promise for 
small-to-medium-sized PC-orlented LANs. 

Novell's ManageWise 2.1 

For this test, a Compaq Prolinea 5133 (Pentium 1 33) with 32 megabytes of RAM was used 
as the server running NetWare 3.12. To use the Network Explorer feature of ManageWise, a 
minimum of 32 megabytes is required. The server installation was smooth. For the 
Managers' Console, the Windows 95 installation failed three times. However, the version for 
Windows for Workgroup 3.1 installed without problems. Back on the server, the ManageWise 
installation proceeded automatically and created numerous files on both the server and 
Manager's Console. The post install configuration tasks were straightforward and well 
documented. 

One nice feature is that ManageWise doesn't care what version of IPX services you're using. 
You can be running NetWare 3.12, NetWare 4.1 or IntranetWare-ifs all the same. The only 
limitation is that the current version does not recognize NDS services. 

After installation, we delved into the ManageWise server configuration screen. The icons 
allowed the network manager to launch each service shown in a straight forward manner. By 
clicking on the connections icon, a quick table of connected nodes was provided. Once we 
started things rolling, ManageWise began the discovery process using IP. IPX discovery was 
enabled via LANalyzer, the built-in software protocol anal yzer tool. 

Overall, the IPX nodes were accurately found and quickly mapped, but our test network's IP 
nodes were inaccurately discovered and this process took longer, too. IPX discovery 
included a second NetWare server and a LaserJet print server, displaying its MAC address. 

When the IPX and IP discovery process was complete, only four of the seven routers were 
discovered and the switch wasn't found, either. Curiously, it listed a remote ISDN router as 
an unknown segment, apparently finding it in the centralized Cisco 7000's routing table. It 
failed to discover most of the IP servers and workstations. Once the auto discovery process 
was completed, ManageWise displayed as much of the network as it had found in a network 
map. 

Alternately, we could have displayed an inventory list. 

ManageWise has strong management capabilities for IPX nodes. When an IPX client logged 
onto the ManageWise server for the first time, it was automatically configured with all the 
files needed to monitor that client's network activity and resources. When this was complete, 
ManageWise could monitor and control the IPX clients extensively, including displaying each 
client's screen, remotely controlling mouse and keyboard and even rebooting the machine. 

ManageWise displayed a small icon on the client screen and sounded a beep periodically at 
the client station to notify the user that it was being monitored. The ManageWise console 
also displayed each IPX client's hardware configuration, CMOS map, memory map, IPX 
version, installed software and packet statistics. 

We also were a little disappointed at the way ManageWise managed the network map in 
terms of ongoing adds and changes. For example, the addition of new IPX clients happened 
quickly but new IP stations never appeared on the map. And, a removed IPX client was still 
on the map, without change, 45 minutes later. There was also no capability to access -the 
routers or the switch for configuration information. 

ManageWise does support some level of application management. For IPX nodes with the 
ManageWise client, the NetWare Application Launcher allows the managers to transfer files 
from server to client or client to server from the Manager's Console. This, in combination with 
remote control, means you can remotely load, install, configure and verify virtually any 
software installation at the client. If a ManageWise client was not currently logged onto the 
ManageWise server, that node was displayed on the map as an IPX icon with only the MAC 
address as identification. 
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When the node logged in, the Manager's Console showed the user's login name. Monitoring 
of non-ManageWise clients is not supported. Unfortunately, ManageWise does not provide 
application usage metering or monitoring capabilities beyond the use of client remote control. 

As far as traffic and performance management goes, within the ManageWise server 
segment there was considerable traffic monitoring as LANalyzer is part of the server and con 
sole installation process. This includes a dashboard showing current traffic rate in packets 
per second (PPS), the percentage of bandwidth used on that particular LAN segment, error 
count shown as the number of packets that had errors in transmission, traffic trend graphing, 
packet capture, conversation monitoring (node to node) and several other capabilities. 
Thresholds can be set for utilization, errors and more. This capability is limited to LAN 
segments where the ManageWise server is located. 

There were 19 servers monitoring options. But, only one item at a time was viewable since 
our console's OS was limited to only Windows 3.1 . Viewable options included CPU 
utilization, available hard disk space, login count, disk reads and writes, and others. 

Under our Windows 3.1 console setup, network managers can monitor multiple servers, but 
display information only one at a time, and there can be only one desktop inventory server. 
We didn't find any security management features, access violation reporting or user change 
capabilities in our test copy of ManageWise, but there was an inventory database and SNMP 
support for IPX, though not for IP. 

ManageWise did include a standard virus detection feature and an alarm status display for 
all IPX clients including PCs, servers and routers. However, this did not extend to IP-only 
nodes-IPX also had to be running. We would also like to have seen fault tracking when the 
system sensed an alarm condition. 

For day-to-day usability, however, we found ManageWise's displays to be straightforward, 
understandable and intuitive. It's easy to find the available information. But Windows 3.1 
allowed only one display at a time. Presumably, the Windows 95 version supports multiple 
displays. Though Novell has announced both a Windows NT Workstation Manager and the 
Novell Administrator for Windows NT, neither was included with the test copy of 
ManageWise and were not available for our test. 

The ManageWise server configuration window allows printi ng of most options, such as the 
Alarm Disposition Table. But, while the Client View retrieves extensive information about a 
managed client, the data can only be viewed, not directed to a printer or file. 

For those looking to extend the functionality of their ManageWise systems, Novell is working 
hard to maximize this platform. Aside from vendor alliances, Novell is developing Java and 
Web-enabled management interfaces as well as integration with BorderWare. The company 
is still encouraging third-party development for additional "snap-in" functionality for 
ManageWise users. Many of these third-party applications exist through the Novell 
distribution channel, and include Alexander SPK, a server crash prevention and diagnostic 
tool from Alexander LAN Inc., Nashua, N.H; AlertPage from Geneva Software, Northbrook, 
III., for converting SNMP alerts into audible alarms; or SyncComplete from Kansmen Corp., 
Milpitas, Calif., which gathers essential network data into a readily accessible database. 

ManageWise pri cing is based on the number of user nodes and the number of NetWare or 
Windows NT servers managed. Base pricing starts at five users. The license fee for a typical 
100 IP-user network, with five NetWare or NT servers, would be just under $7,000. The 
license fee for a typical 250 IPX-user network, with 10 NetWare or NT servers, would be just 
under $13,000. The time saved in software distribution and PC configuration management 
alone would easily justify that cost. 

ManageWise is a solid NMS for IPX network segments, but very limited for managing IP-only 
segments. Though Novell in general has long had a less than stellar reputation with regard 
to TCP/IP, we were a little surprised that even this latest version of ManageWise had done 
so little to address these difficulties. However, ManageWise is a very good choice for small- 
to-midsized corporate networks of 250 or fewer nodes, with IPX and mixed IP/IPX nodes. 
The timesaving benefits should provide a rapid payback on the investment in ManageWise 
lice nses and training. 
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HP OpenView Professional 

The OpenView Professional version D (beta release) was installed on an HP Vectra 500 P5- 
166 with 32 megabytes of RAM, a 1.5-gigabyte IDE hard drive, and running Microsoft 
Windows NT 4.0 Server with Service Pack 3 installed. All actions were performed as the 
Administrator, no other user accounts were created. 

Initially, the OpenView Professional suite was installed on Windows NT Workstation and 
performed poorly. The machine was then upgraded to NT Server. However, the discovery 
function was not identifying SNMP devices. Only after installing NT Server Service Pack 3 
did the NMS begin identifying the devices. However, this was probably a Windows NT bug 
that Service Pack 3 fixed instead of an OpenView Professional problem. 

Neither of these requirements were documented. The balance of the installation was simple. 
The CD-ROM documentation also indicated that Windows 95 was supported. 

HP states that OpenView int egrates 13 management applications into one environment. 
However, most of the plug-in options, and all the bundled software, are 16-bit apps. When 
any of these crash, the entire OpenView process must be restarted. This occurred with 
regularity on our test network. Restarting also meant enduring the lengthy process of re- 
discovering the network nodes, since OpenView Professional does not save a last discovery 
map for later use or update. After installation, the start menu listed both McAfee's Saber LAN 
Workstation and Symantec's Norton Administrator even though these apps had not been 
installed. 

To initiate discovery you must launch the Autostart feature. This is designed to discover, 
map and poll all nodes in one step. OpenView Professional polling does not support IPX 
nodes, only IP nodes, just like its big sister Unix product OpenView Network Node Manager. 
We couldn't find any third-party add-ons supporting IPX. The test network was a combination 
of IP-only segments and dual IP/IPX segments. 

Unfortunately, OpenView Professional was unable to monitor the nodes on the test network. 
It only discovered nodes on three of the seven LAN segments tested. Combination IP/IPX 
protocol nodes appeared to confuse it. It discovered only one of the two NetWare IP/IPX 
servers and no IP/IPX workstations. OpenView Professional did not recognize the one 
NetWare server as a NetWare server, until the Discovery Manager Dialog box was first 
opened and given the appropriate IP address. 

For network mapping OpenView Professional cannot group networks with different net 
masks. This means not ail segments could be connected and displayed in a single map. 

But, it will show the relationship between different LAN segments as specified by the network 
manager. Also, OpenView Professional will not arrange nodes in a map according to 
physical segments. It's up to the manager to use the integrated drawing tools to make 
connections between nodes. OpenView Professional could not distinguish between si ngle 
IP address nodes and nodes with multiple IP addresses (such as servers with multiple 
network adapter cards). OpenView Professional found the networked HP printer, but 
curiously, the JetAdmin tool running alone never found the printer. To complete the map, 
JetAdmin had to be given the printer's IP address. OpenView Professional does not 
automatically poll nodes for status information, rather it polls only nodes specified by the 
Network Manager. 

New nodes added to the network are only found by restarting the discovery process. When 
discovery is finished, the new nodes are specified on the map. When OpenView Professional 
is restarted, polling must be manually restarted. 

OpenView Professional detected node disconnects, as long as workstations had been 
configured for polling. The alert is a single beep or one beep every few minutes. If down, the 
node symbol and all parents will turn red. Alerts can also be sent to another OpenView 
Professional Manager's Console. When used in conjunction with the optional feature applet, 
Notify! alerts can be sent to a pager (this was not tested). In one instance, a node went from 
a "known" device to "unknown," without any alarm being generated. 
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According to HP documentation, OpenView Professional has the power to manage and 
configure HP routers, switches and hubs (this was not tested). It was not able to configure 
the Cisco and 3Com routers or the Bay Networks switch on the test network, because even 
though these companies write support software for the large OpenView Network Node 
Manager, this software isn't supported under the Professional version. 

For software distribution OpenView Professional relies on third-party software. It comes with 
evaluation versions of McAfee Associates Inc.'s Saber LAN Workstation and Symantec 
Corp.'s Norton Desklock Administrator. The evaluation version of Saber LAN provided on the 
CD-ROM could not be installed in a Windows NT environment. It was a NetWare version 
and, as stated previously, OpenView P rofessional did not work in the NetWare environment. 
McAfee's Web page description of Saber LAN Workstation features automating and 
metering software distribution is impressive. It's unfortunate it could not be evaluated. 

The OpenView Expose software (licensed from Symantec) was supposed to discover and 
manage all NT and NetWare servers on the network, but this feature also failed to work and 
couldn't even find its own client on the same machine. Though this sounds bad, we're certain 
this particular error was the result of our having to look at Professional in its beta incarnation. 
This problem should be gone in the shipping release. 

The evaluation version of Norton Administrator was installed; however, the distribution 
component would not work on the Network Manager's Console. The Norton Administrator 
Distribution Agent on a managed node could not find the OpenView database on the server. 
The inventory component of Norton Administrator worked flawlessly, finding the same 
database. The metering feature reported that the licensing system was not enabled, even 
though it was fully configured on the server. When un-installing on the server, it could not 
remember its directories. After specifying the directories, it logged off the NT Server. Upon 
logging in again, apparently Norton Administrator had corrupted Windows NT since Windows 
Explorer and Program Manager were no longer present. Instead, there was just a blank 
screen. 

OpenView Professional was unable to monitor applications. HP documentation states there 
is support using HP's DMI client for HP Vectra, which has many extensions to the DMI 
standard. DMI clients for non-HP machines were not tested. OpenView Professional was 
unable to adjust any application's server parameters. 

To measure network utilization, OpenView Professional comes standard with HP's NetMetrix 
plug-in. This application crashed several times while we attempted to use its various 
functions. To make matters worse, NetMetrix also corrupted OpenView P rofessional, forcing 
a restart. Documentation mentions it works best with HP's own RMON probes. Although it 
can be configured with third-party probes, HP doesn't give a guarantee. OpenView 
Professional continued to be unstable with NetMetrix installed. 

After un-installing this plug-in the software calmed down, but this meant OpenView 
Professional was unable to measure traffic utilization or throughput. It did allow the viewing 
of SNMP data related to IP and UDP traffic from a Cisco 7000 router, however. OpenView 
Professional did not support proactive management, security management or recognize 
unauthorized access. 

When it comes to problems, OpenView Professional does provide alarm notification. The 
network manager can create traps and define custom alarm conditions. When an alarm 
occurs the Network Manager Console beeps, the network map displays an alarm condition 
and the event is logged into an alarm database. Often alerts went undetected over the 
background noise of the test lab. It would be nice to have an option for screen flashing or 
audible alerts outside of miscellaneous third-party add-ons. 

One of our chief gripes with OpenView Professional is that it doesn't save session 
information between uses. Time and frustration could be saved if OpenView Professional 
automatically opened the last map each time it started. Many of the list boxes do not allow 
multiple selection. Another frustrating limitation was that the device access list was limited to 
each local map. This prevents any way to specify global defaults. 

The map drawing tools are somewhat primitive as well. For example, there was no way to 


http://internetweek.cmp.com/reviews/rev0825.htm 


6/13/2006 


InternetWeek | The Business and Technology of the Internet | http://internetweek.cmp.com Page 8 of 12 


change the symbol of a mapped device without first deleting it and then adding a new 
symbol. Also, the selection of symbols was limited. Furthermore, mapping tools did not 
support sub-net designations, or the topology definition. There was no way to rearrange or 
center maps on the display. On a map there was no way to distinguish between similar 
devices-all routers looked the sam e, all PCs look the same, etc. 

There were no symbol selections to differentiate between different vendors or models for 
routers or servers other than by manually entering a name annotation. To distinguish 
between similar devices, the network manager must open the Discovery Manager Dialog 
and scroll through all the IP addresses for a description. Finally, no report capability was 
found in OpenView Professional or in any of the bundled add-ons. This is a serious 
limitation. 

For the purpose of our test network, OpenView Professional was not a very flexible tool. On 
the upside, HP states there are more than 100 snap-in applications developed by third 
parties for OpenView Professional. This review did not evaluate any of these except the 
Norton Desklock Administrator. For an up-to-date list of all OpenView plug-in applications, 
check out www.hp.com/index.html, but remember that all these products may not support the 
new Professional version; be sure to check before buying. 

Ope nView Professional pricing is based on two factors-the number of PC nodes and the 
number of servers managed. The starting configuration is a license for 10 users and one 
server and is priced at $1 ,495. Each additional server license is $695 or $5,950 for 10 
servers. To manage additional PC nodes, HP refers the buyer to its VAR or reseller for 
McAfee or Symantec software. The McAfee Saber LAN Workstation is priced at $46 per 
node. The Symantec Norton Desklock Administrator for Windows is priced at $95 per node. 
A license fee for a typical 100-node IP network with five NetWare or Windows NT servers 
would be about $14,500. For a typical 250-node network, the HP Web site documentation 
recommends OpenView Network Node Manager rather than OpenView Professional. 

Based on our test script and hands-on experience, this version of OpenView Professional is 
a tough fit for more than small-to-medium-sized LANs. While some problems were due to its 
beta status, we still had too much trouble with its base functionality a nd overall design. 

In view of the scope of our test script, it's unfortunate that HP did not submit the more 
capable Node Manager product. As for the Professional version, we recommend it only for 
smaller IP and PC-centric networks. 

Computer Associates Unicenter TNG 

Unicenter TNG is designed to manage large enterprise networks, so it shouldn't come as a 
surprise that it's a big complex program. What you install depends on what you plan to 
manage from that particular Network Manager's Console. LANQuest Lab personnel installed 
Unicenter TNG without help from CA and had to reinstall a few times before it was done 
correctly. Most new Unicenter TNG customers would be advised to get CA help with 
installation. 

For this test, Unicenter TNG was installed on a HP Vectra 500 P5-166 with 64 megabytes of 
RAM, a 1 .5-gigabyte hard drive, NT 4.0 Server with Service Pack 3, and Microsoft SQL 
Server 6.5. All actions were done as the Administrator-no other user accounts were created 
on the machines. The first time the install program requested that SQL server be reinstalled 
with its sort order set to case-sensitive-this was not documented anywhere. After a couple 
of other mishaps, and with the install program set to wizard mode and typical components 
selected, installation of the server and Network Manager Console was completed. 
Installation of Unicenter TNG client agents was clear cut. TNG also includes an un-install 
icon to remove a client agent when needed. (There was only one other problem during 
testing. One client running the NT system agent for 24 hours crashed with a kernel page 
fault error. This crash corrupted the NT boot loader and NT Workstation had to be reinstalled 
at that node.) 

When starting the 2D network map, running a discovery and opening the Enterprise 
Management console, memory usage reached 124 megabytes. The machine was too slow 
to use the 3D mapping. While the documentation recommends 64 megabytes of RAM 
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minimum, you should plan on a minimum of 128. And if 3D mapping is used, a fast graphics 
accelerator card is a must as well. 

Even submitting to the 2D limitation, we were still a little disappointed. Once the TNG 
AutoDiscovery Wizard was launched, it only discovered nodes on two of the seven LAN 
segments. Even CA didn't know why, so we were forced to switch to the custom mode and 
explicitly define all our test sub-nets. Only then was TNG able to complete the discovery. 
Once a network segment was found, however, Unicenter TNG correctly identified all the 
connections to each router or switch, including all the interfaces on the routers. When 
discovery was completed, Unicenter had managed to find all our IP and IPX nodes; even 
multiple IP address machines were easily identified. 

An optional Unicenter agent must be installed on each NT node to monitor systems 
information. TNG has built-in monitoring capabilities for Windows 95 and Unix devices, as 
well as SNMP-based hubs and routers. For this test TNG could monitor the 3Com and Cisco 
router s. It provided more information on the Cisco router than the 3Com. 

TNG offers alternates to Map views that also are useful, such as a node listing called 
ObjectView. Similar to Windows Explorer with nested directories, ObjectView shows any 
additional information known about a specific node in a nested listing. To find added nodes 
to the network, discovery must be restarted. Then, after the nodes are added to the 
database, the map or topology browser must be manually refreshed. Nodes that are 
disconnected are reported, and alerts can be configured. The status change appears in the 
map display and in the alerts log, with the type of alert color-coded. 

The standard Unicenter TNG can do some reconfiguring of selected routers and switches. 
As part of ObjectView, the configuration can be changed by re-entering the settings if the 
configurations are exposed in the management information base (MIB) for that device. The 
router and switch vendors used in your network may offer M IB-specific extensions f or 
plugging into TNG for additional device management. 

Application management is only an option for TNG. There are many Unicenter components 
available from CA as well as from development partners. For a listing, refer to 
www.cai.com/products/uctr.htm. 

The option for software distribution is Unicenter/Software Delivery. It provides centralized 
delivery of shrink-wrapped software. It also monitors concurrent license usage and provides 
audit reports for application usage. Unfortunately, this option was not provided. 

Through the Agent Viewer in the standard TNG, process and services on a Unicenter client 
can be monitored but server parameters can't be changed. There is also an Optional Help 
Desk function for Unicenter TNG that allows centralized application help. The network 
software administrator can remotely view an application on another machine regardless of 
where the user is located, and then walk the user through using the application or solving an 
immediate problem-even going so far a s to take remote control of the keyboard. 

In general, Unicenter TNG has good traffic monitoring features but limited characterization or 
performance management capabilities. The standard version monitors and displays the 
SNMP data it gathers from connected routers and switches. It also monitors remote RMON 
probes. There is an optional Unicenter Response Time Manager that collects network 
performance metrics. There are also third-party hardware and software RMON probes. For 
this test, Unicenter successfully monitored the LANQuest NetClarity software RMON probes 
on each network segment. Proactive performance measurement and traffic analysis add-ons 
are also available from Unicenter TNG Development Partners. 

TNG can display router and switch utilization data that it collects from each connected device 
with SNMP. Alerts or alarms are generated when defined thresholds (IP, UDP, ICMP) are 
exceeded for each configured router or switch. 

When alarms are generated, intelligent agents auto matically go to work to filter and 
correlate local problems to prevent escalation and isolate the problem. The alarm event is 
forwarded to the Unicenter Help Desk where a trouble ticket is opened and tracked until the 
problem is corrected. 
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TNG provides easy administration of user passwords with extensive features. User rights 
and access levels can be defined globally or on a server-by-server basis. User profiles can 
be built to monitor each user's network activity (this feature was not tested). Monitoring both 
authorized and unauthorized access is provided. Unauthorized access attempts are reported 
and can also trigger alarms. 

Most of the time the Network Manager's Console will probably be left in the 2D map mode 
monitoring for alarms. Although the 3D mode is pretty slick in our tester's opinion, it's too 
time consuming. The 3D mode is not only a big strain on both the graphics card and the 
CPU, it's also a major RAM hog. Upgrading both the graphics card and your console 
workstation R AM will help, but we're not sure it's really worth it for network management on 
a daily basis. 

TNG is visually appealing. It's easy to distinguish device types from their map symbols, and 
the list of available symbols is extensive. 

Unicenter TNG has a Design Mode that lets the user customize the screen views before 
switching to the Run Mode. Unicenter is powerful and, no surprise, complex. Individual tools 
are well documented, but their relations to other tools within Unicenter need further 
clarification. For former Unix network managers, ail of the tools can also be run from the 
command-line. From the 2D mode map the Network Manager can drill down to any node of 
interest whenever desired. If the node is running SNMP or an RMON probe, there's a lot of 
data. If you know what to look for navigating is easy and ail the tools work seamlessly. 

Unicenter TNG has three classes of reports: Network Summary, Objects and Links. These 
reports can be sent to a screen, printer or file. The Obj ects and Links have several sub- 
classes. The information is neatly arranged and pretty complete. Custom reports can also be 
defined and distributed. The only missing reports for this test were up-time or failure reports 
by network segment and by cluster of nodes. 

As you would expect from an Enterprise class product, Unicenter TNG is very flexible and 
has the support of a large number of third-party products. All the major operating systems 
are supported. It automatically recognizes and monitors Cisco, 3Com and Bay Networks 
devices. It has built-in monitoring of RMON probes. For third-party developers, CA offers 
Software Development Kits to facilitate porting of applications to TNG. CA recently released 
Unicenter TNG Framework to improve the management of servers and workstations, and 
several hardware vendors such as NCR, Unisys and HP have already signed up. 

The starting price for Unicenter TNG is only $2,500, but that's without any agents or add-in 
options. To manage a 100-node netwo rk with agents on five servers, the list price including 
the first year maintenance is about $37,000. 

To manage a 250-node network with agents on 10 servers, the list price including the first 
year's maintenance is about $62,000. This translates to $250 to $370 per node. Contact CA 
or their third-party development partners for other options. A 100- or even 250-node network 
isn't classified as an Enterprise Network, but CA has made it financially attractive to install 
TNG and experience the power of heavyweight network management tools on a medium- 
sized network. 

Yes, Unicenter TNG is powerful. Yes, there is a steep learning curve for its features. But it's 
worth it. After installation and network mapping is complete, and alert conditions set, a 
beginning network administrator can monitor the network and react properly to generated 
alarms. For the money, choose Unicenter TNG over the other products tested for a medium- 
sized heterogeneous network. 

The return will be greater network manager efficiency and greater network up-time. For most 
organizations that translates into improved user productivity and better customer support. 

What does it cost per user for your company to maintain your corporate data network each 
year? Is it $2,000, $5,000, $10,000~more? How many users and servers can one network 
manager support? Is it 200, 100, 50 or fewer? It's clear today that the only way to restrain 
cost-of-ownership for complex distributed enterprise networks is to invest in network 
management tools and training so managers can do their jobs more efficiently. The results 
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can be dramatic. 

Some organizations have been successful in cutting cost-of-ownership by over 50 percent- 
enabling their network managers to double the number of users and servers supported. 

Recent market studies by International Data Corp. and other analysts indicate that 
successfully implemented enterprise management systems can provide annual savings of 
$1 ,000 to $5,000 per user. If your company n etwork has 500 or more nodes and the cost to 
implement an enterprise management system is $75,000 to $100,000, that amounts to less 
than $200 per user. The cost savings make the decision a "no brainer." But, if your network 
is only 100 to 200 nodes, you might think twice before spending $500 per node. 

For managers in this position, there are alternatives. Network management systems (NMS) 
for small-to-medium-sized networks can be implemented for under $20,000. 

To help you make informed decisions about which network management platform best 
meets your needs, we set up a challenge match pitting two leading PC LAN-oriented network 
management systems, HP OpenView Professional and Novell's ManageWise, against 
Computer Associates International's Unicenter TNG, the steady leader of enterprise 
management system solutions. We wanted to find out how far we could take our 
middleweight contenders, and when it pays to bite the bullet and spring for the heavy guns. 

This NMS challenge took place in July using a test network composed of routers, switches, 
multiple LAN segments, WAN connections, several network servers and over 60 
workstations and PCs. Seven network management systems vendors, some enterprise 
heavyweights and some PC LAN middleweights were invited. 

Of the heavyweights, only Computer Associates (CA) decided to climb into the ring. Though 
we asked Hewlett-Packard to participate on an enterprise level (something OpenView is 
capable of in certain versions), HP was only able to supply us with the smaller, Professional 
Suite version. Vendors who declined the challenge included IBM/Tivoli, Sun Microsystems, 
Cabletron and Platinum Technologies. 

Overall, we were impressed by all the contenders, although in different ways. We not only 
reviewed each product as a whole, but also compared ail three using specific criteria. For 
example, when it came to something as basic as installation, we found ManageWise to be 
straightforward and reliable, while the other two had some problems. Unicenter TNG is a big 
product with lots of installation options, meaning it took awhile to get everything properly 
configured. OpenView Professional should have had an easier install process as well, but in 
fairness we were working with a beta version of the new OpenView and notother products 
tested for a medium-sized heterogeneous network. 

The return will be greater network manager efficiency and greater network up-time. For most 
organizations that translates into improved user productivity and better customer support. 
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Detailed Description 
representing 
that i-th file; and 

upon an user indicating a said j-th data file, 
generating for each of one or more (j+l)-th data files 
which are logically... 

...layer is one layer beyond the 

deepest layer which had previously been represented on 
the map. Alternatively, the (j+l)-th files may be which 
had not previously been displayed according to any of the 
criteria discussed above (e.g. because the number of 
(j. . . 

. . .a predetermined value) . The 

additional region (s) may be drawn as a continuation of 
the map (e.g. with the decreasing distance scales 
continued for one more level) (this possibility is... 


.the 


(j+l)-th files. 


A twelth aspect of the invention is a device 

including display means such as a screen, and arranged to 

perform a method according to any of... 

. .may be 

part of, give access to or facilitate the management of 

any other data collection or network which may for 

example be based on the functioning of a physical 

hardware ... aids) , or a component of task specific software (e.g. 

networked software, e-commerce software, menu or tool 
bars, data analysis tools) or hardware (e.g. for 
chip/circuit board layout... 

..the usefulness 

of any of these facilities is severely limited by the 
size of the display device of a mobile telephone, which 
itself is limited by engineering constraints and present 
technology. By providing a mobile telephone with a 
display generated according to any of the methods of the 
invention defined above, the technical usefulness... 

..significantly enhanced. 

Normally, the device will include a mechanism for 
the user to input data (instructions), for example a 
touch sensitive screen. Alternatively or additionally, it 
may include a mechanical data input device, such as a 
joystick or a plurality of keys. In this case, the 
arrangement . . . 

..additional regions of the control pad, preferably 
corresponds to the layout of the mechanical data input 
device . 

For example, a mobile telephone may have buttons 
arranged in a keypad formation, and. . . 

. . the keys . 

For example, if there are nine keys in the keypad 
in a 3x3 array (in addition to any further keys which may 
be present), for each i-th region... 
..easy for a user to select one 

of the regions (files) using a mechanical data input 
device such as an (octagonal) joystick or button mouse 
which is not (or not necessarily. . . 

. .be related to the 

value M of the maximum number of (i+l)-th regions 
displayed. If there are more than M (i+l)-th files 
logically related to the i-th file, the extra regions may 


be displayed separately (in a different area), or omitted 
(optionally symbol or symbols may be generated to... 

..twelth aspects of the invention. The computer 
program product may be a computer program for 
implementing one of the methods of the invention stored 
on a recording medium, such as an. . . 

..or one with a low 

resolution in relation to the number of files to be 
mapped (e.g. a total of no more than 10, 25 or 100 pixels 
per file . . . 

..aspects above, the method may be able 

to reject (i.e. not include in the map) files according 
to their type. For example, especially in the context of 
the web, the map may consistently ignore audio and/or 
picture files, so that a large click distance can be 
displayed without over-complicating the map, or may 
create an additional region to representing files (or 
containing files) of a certain... 

. . reference to 

the accompanying figures in which. 


aim 

1 A method of mapping hyperlinks between a plurality 
of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions 
said second regions respectively representing one... 

. .n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
said (i+l)-th regions respectively representing one... 

..th distance scale smaller than the (i-l)-th distance 
scale . 

2 A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions 
said second regions respectively representing one... 

. .n-1) further 

steps, i = 21 ... n, of, for the or each i-th file, 
displaying one or more (i+l)-th regions, said (i+l)-th 
regions respectively representing one... 

..the resolution of 

the user's screen, (ii) the computer resources available 
for creating the display, (iii) the number of files a 
certain number of clicks away from the first file... 

. . user . 

5 A method of moving between data files comprising 
the steps of: 

generating a display of the interconnections 
between the data files by: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions 
which respectively represent one or more... 

..n-1) further steps, i = 21 . . . n, of, for the or 
each i-th file, displaying one or more (i+1)- th regions 
which respectively represent one or more (i+1... 

. .that the (i 
l)-th distance scale; 

selecting a file on the basis of the display; and 
moving to the selected file. 

6 A method according to claim 5 in which... 
. . structure 

and to substantially any leaf node. 


7 A method of moving to a data file, said data file 
being one of a plurality of data files related by logical 
relations, the method comprising: 

a step of, for a first file, in a display area 
defining a first region and one or more second regions, 
said second regions respectively... 

. i 

l)-th distance scale; 

indicating (e.g. by a mouse) a position on said 
display area within one of said defined regions; and 
moving to the file represented by the region 
containing said position. 

8 A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
said second regions respectively representing one... 

.n-1) further 

steps, i = 21 ... n, of, for the or each i-th file, 

displaying one or more U+l)-th regions, said (i+l)-th 

regions respectively representing one . . . i and/or the number of said 

(i+1) -th 

regions . 

9 A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and, one or more second 
regions, said second regions respectively representing 
one . . . 

.n-1) further steps, i - 21 ... n, of, for the or 

each i-th file, displaying one or more (i+l)-th regions, 

said (i+l)-th regions respectively representing one... 

.determined by said 
rule; 

said rule being in relation to a predefined 
direction in the display area, whereby for i=l,..n the 
relative angular locations of the (i+i)-th regions are 
determined in relation to the predetermined direction. 

10 A method of mapping logical relationships between a 
plurality of data files, comprising: 

a step of defining a rule... 

.other one of said data files; 

a step of, for a first file, in a display area 
displaying a first region representing that i-th file and 
one or more second regions, said... 


. .n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
said (i+l)-th regions respectively representing one... 

. . th file, 

and being spatially related to the i-th region. 

11 A method of displaying interconnections between a 
plurality of data files comprising, upon a user's 
location changing to correspond to a first file: 

a step of, for the first file, in a display area 
displaying a first region and one or more second regions 
which respectively represent one or more... 

..n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+1... 

..th region representing 
that i-th files. 

12 A method of moving to a data file comprising the 
steps of: 

generating a display of the interconnections 

between a plurality of data files by: 

a step of, for a first file, in a display area 

displaying a first region and one or more second regions 

which respectively represent one or more... 

..n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+1... 

..the i-th region representing 
that i-th file; 

for a selected (j)-th data file (Kj<n) represented 

by one of said regions generating for each of said one.. 

. . and 

upon a user indicating a said respective additional 
region, moving to the corresponding data file. 

13 A method of mapping a plurality of data files 
comprising the steps of: 

generating a display of the interconnections 

between the plurality of data files by: 

a step of, for a first file, in a display area 

displaying a first region and one or more second regions 

which respectively represent one or more... 

..n-1) further steps, i = 2, . . . n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+1... 


. . file; and 

upon said user controlling an indicator device so 
that a position within the map determined by the physical 
arrangement of said indicator device is within a said 
region representing a j-th data file generating for each 
of one or more related data files which have a 
predetermined logical. . . 

..of moving to a file, comprising generating 
by a method according to claim 13 a map of a plurality of 
data files having said file as one of said (j+1... 

. .mouse, and said additional 

control signal includes a mouse click motion. 

16 A method of displaying interconnections between a 
plurality of data files comprising the steps of: 
generating a display of the interconnections 
between the data files by: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more... 

. .n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more 

. . representing 
that i-th file; and 

upon an user indicating a said j-th data file, 
generating for each of one or more (j+l)-th data files 
which are logically. . . 

..represented, a respective additional 
region representing the (j+l)-th file. 

17 A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and, one or more second 
regions, said second regions respectively representing 
one . . . 

..n-1) further steps, i = 21 ... n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
said (i+l)-th regions respectively representing one... 

..to each other with an angular 
relationship determined by said rule. 

18 A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and, for M an integer greater 


than one and q an integer. 


.the or 

each i-th file, for qj an integer in the range 1, ... IM 
displaying qj (i+l)-th regions, said (i+l)-th regions 
respectively representing one or more... 

.18 in which said 

predetermined positions are in relation to a 
predetermined direction in said display. 

20 A method according to any of claims 9 to 19 wherein 
said second regions are displayed according to a first 
distance scale, and for each i-th file said (i+l)-th 
regions are displayed according to a respective i-th 
distance scale smaller than the respective (i-l)-th... 

.predetermined relation 

such that irrespective of the value of n the total area 
of the display never exceeds a predetermined value. 

24 A method according to any of claims 1 to... 
.claim 31 in which said rule 

is in relation to a predefined direction in the display 
area, whereby the angular relationships of the (i+l)-th 

regions are determined in relation... A method according to any preceding 
claim in which 

the first file is a data file which corresponds to a 
present browser location of a user. 

36 A method according to. . . 

.of 

(i+l)-th regions logically related to the i-th file, the 
method not displaying regions for said subset of 
identified (i+l)-th files. 

38 A method according to. . . 
.at 

least one said criterion is that an identified file is 
already represented on the map, and optionally also that 
the data file to which it is logically related is already 
represented on the map. 

39 A method according to claim 38 in which said at 
least one criterion is... 

. i+l)-th data files logically 

related to a given i-th file, the method displays M 
(i+l)-th regions, respectively representing only M of 
those (i+l)-th files. 

40 A method of mapping logical relationships of a data 


file, which includes a step of selecting a file, and 
causing the terminal to perform the method according to 
any of claims for a set of files including said data 
file, employing said data file as said first file. 

41 A method according to any preceding claim wherein 
the user can label at least one said file, the map 
modifying the region which represents each of said 
respective labelled data files to indicate that the file 
has been labelled. 

42 A method according to any. . . 
.that region. 

43 A method according to any preceding claim in which 
additional information is displayed to indicate the 
significance of at least one of said data files. 

44 A method according to claim 43 in which said 
additional information is displayed upon a command by the 
user . 

45 A method of mapping interconnections between 
plurality of segments of one or more data files, 
comprising : 

a step of, for a first segment, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more... 

.steps, i = 21 ... n, of for the or 

each i-th portion of the file displaying one or more 
(i+l)-th regions, which respectively represent one or 
more (i+1 . . . 

.the shape of the 

regions and/or their size and/or their arrangement within 
the display. 

53 A method according to any preceding claim further 
comprising a step of generating a second map, including 
areas respectively representing (i+l)-th regions of a 
given i-th region, said. . . 

.i+1) -th 
regions . 

54 A method according to claim 53 in which the second 
map is spatially separated in the display area from the 
map representing the plurality of data files. 

55 A method according to any preceding claim in... 
.which for n said (i+l)-th regions are 


substantially square. 


58 A device including display means, and arranged to 
perform a method according to any of the preceding 
claims . 

59. . . 

.A device according to any of claims 58 to 61 which 
includes a mechanical data input device, the arrangement 
of the regions corresponding to the layout of the 
mechanical data input device. 

63 A computer program product which can be read by a 
data processing device... 
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Claims 

1. A method of mapping hyperlinks between a plurality 
of data files comprising: 
5 a step of, for a first file, in a display area 

displaying a first region and one or more second regions, 
said second regions respectively representing one or more 
second files which are accessible from the i-th file by a 
hyperlink, and being spatially related to the first 

10 region, the sizes of said second regions being according 
to a first distance scale; and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+1) -th regions, 
said (i+l)-th regions respectively representing one or 

15 more (i+i)-th files which are accessible from the i-th 

file by a hyperlink to the i-th file, and being spatially 
related to the i-th region representing that i-th file, 
the sizes of said second regions being according to an i- 
th distance scale smaller than the (i-l)-th distance 

20 scale. 

2 . A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
25 said second regions respectively representing one or more 
second files logically related to the first file and 
being spatially related to the first region, the sizes of 
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said second regions being according to a first distance 
scale; and 

for a predetermined value of n, (n-1) further 
steps, i = 2,...,n, of, for the or each i-th file, 
displaying one or more (i+l)-th regions, said (i+l)-th 
regions respectively representing one or more (i+l)-th 
files which are logically related to the i-th file, and 
being spatially related to the i-th region representing 
that i-th file, the sizes of said (i+l)-th regions being 
according to an i-th distance scale smaller than the (i- 
l)-th distance scale. 

3 . A method according to claim 2 in which the value of 
n is at least 3 . 

4 . A method according to claim 2 or claim 3 wherein n 
depends upon any one or more of: (i) the resolution of 
the user's screen, (ii) the computer resources available 
for creating the display, (iii) the number of files a 
certain number of clicks away from the first file, or 
(iv) an earlier selection by the user. 

5 . A method of moving between data files comprising 
the steps of: 

generating a display of the interconnections 
between the data files by: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more second files 
logically related to the first file, and which are 
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spatially related to the first region, the sizes of said 
second regions being according to a first distance scale; 
and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+1) -th files 
which are logically related to the i-th file, and which 
are spatially related to the i-th region representing 
that i-th file, the sizes of said (i+l)-th regions being 
according to an i-th distance scale smaller that the (i- 
l)-th distance scaled- 
selecting a file on the basis of the display; and 
moving to the selected file. 

6. A method according to claim 5 in which said data 
files are a directory structure, the user is able to move 
to substantially any directory of the directory structure 
and to substantially any leaf node. 

7. A method of moving to a data file, said data file 
being one of a plurality of data files related by logical 
relations, the method comprising: 

a step of, for a first file, in a display area 
defining a first region and one or more second regions, 
said second regions respectively representing one or more 
second files logically related to the first file and 
being spatially related to the first region, the sizes of 
said second regions being according to a first distance 
scale; 
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for a predetermined value of n, (n-1) further 
steps, i = 2,...,!!, of, for the or each i-th file, 
defining one or more (i+l)-th regions, said (i+1) -th 
regions respectively representing one or more (i+l)-th 
5 files which are logically related to the i-th file, and 
being spatially related to' the i-th region representing 
that i-th file, the sizes of said (i+l)-th regions being 
according to an i-th distance scale smaller than the (i- 
l)-th distance scale; 
10 indicating (e.g. by a mouse) a position on said 

display area within one of said defined regions; and 

moving to the file represented by the region 
containing said position. 

8. A method of mapping logical relations between a 

15 plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
said second regions respectively representing one or more 
second files logically related to the first file and 

20 being spatially related to the first region, the sizes of 
said second regions being according to a first distance 
scale, and the shape of said second regions being 
determined by a rule; and 

for a predetermined value of n, (n-1) further 

25 steps, i = 2,...,n, of, for the or each i-th file, 

displaying one or more (i+l)-th regions, said (i+l)-th 
regions respectively representing one or more (i+l)-th 
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files which are logically related to the i-th file, and 
being spatially related to the i-th region representing 
that i-th file, the sizes of said (i+l)-th regions being 
according to an i-th distance scale smaller than the (i- 
l)-th distance scale, and the shapes of said (i+1) -th 
regions being determined by said rule, said rule being 
independent of i and/or the number of said (i+l)-th 
regions . 

9. A method of mapping logical relations between a 
plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and, one or more second 
regions, said second regions respectively representing 
one or more second files logically related to the first 
file, being spatially arranged in relation to the first 
region, and being spatially arranged relative to each 
other with an angular relationship determined by a rule, 
and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+1) -th regions, 
said (i+l)-th regions respectively representing one or 
more (i+1) -th files which are logically related to the i- 
th file, being spatially arranged in relation to the i-th 
region, and being spatially arranged relative to each 
other with an angular relationship determined by said 
rule; 

said rule being in relation to a predefined 
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direction in the display area, whereby for i=l, . .n the 
relative angular locations of the (i+l)-th regions are 
determined in relation to the predetermined direction. 
10. A method of mapping logical relationships between a 
plurality of data files, comprising: 

a step of defining a rule which determines whether 
any one of said data files is logically related to any 
other one of said data files; 

a step of, for a first file, in a display area 
displaying a first region representing that i-th file and 
one or more second regions, said second files 
respectively representing one or more second files and 
being spatially related to the first region/ and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
said (i+l)-th regions respectively representing one or 
more (i+l)-th files logically related to the i-th file, 
and being spatially related to the i-th region. 
11. A method of displaying interconnections between a 
plurality of data files comprising, upon a user's 
location changing to correspond to a first file: 

a step of, for the first file, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more second files 
logically related to the first file, and which are 
spatially related to the first region; and 

(n-1) further steps, i = 2,...,n, of, for the or 
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each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+1) -th files 
which are logically related to the i-th file, and which 
are spatially related to the i-th region representing 
5 that i-th files. 

12 . A method of moving to a data file comprising the 
steps of: 

generating a display of the interconnections 
between a plurality of data files by: 

10 a step of, for a first file, in a display area 

displaying a first region and one or more second regions, 
which respectively represent one or more second files 
logically related to the first file, and which are 
spatially related to the first region; and 

15 (n-1) further steps, i = 2,...,n, of, for the or 

each i-th file, displaying one or more (i+1) -th regions, 
which respectively represent one or more (i+l)-th files 
which are logically related to the i-th file, and which 
are spatially related to the i-th region representing 

20 that i-th file; 

for a selected (j)-th data file (l<jsn) represented 
by one of said regions generating for each of said one or 
more (j+l)-th data files which are logically related to 
(j)-th file a respective additional region; and 

25 upon a user indicating a said respective additional 

region, moving to the corresponding data file. 

13. A method of mapping a plurality of data files 
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comprising the steps of: 

generating a display of the interconnections 
between the plurality of data files by: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more second files 
logically related to the first file, and which are 
spatially related to the first region; and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+l)-th files 
which are logically related to the i-th file, and which 
are spatially related to the i-th region representing 
that i-th file; and 

upon said user controlling an indicator device so 
that a position within the map determined by the physical 
arrangement of said indicator device is within a said 
region representing a j-th data file generating for each 
of one or more related data files which have a 
predetermined logical connection to the (j)-th file a 
respective additional region including data indicating 
the significance of said respective connected file. 
14. A method of moving to a file, comprising generating 
by a method according to claim 13 a map of a plurality of 
data files having said file as one of said (j+l)-th 
files, the method further comprising upon the user 
supplying an additional control signal when the position 


6/12/2006, EAST Version: 2.0.3.0 


WO 00/13104 


PCT/GB99/02820 


114 

determined by the physical arrangement of said indicator 
is a position corresponding to that (j+l)-th file, moving 
to that (j+i) -th file. 

15 . A method according to claim 13 or claim 14 in which 
5 said indicator device is a mouse, and said additional 

control signal includes a mouse click motion. 

16 . A method of displaying interconnections between a 
plurality of data files comprising the steps of: 

generating a display of the interconnections 
10 between the data files by: 

a step of, for a first file, in a display area 
displaying a first region and one or more second regions, 
which respectively represent one or more second files 
logically related to the first file, and which are 
15 spatially related to the first region/ and 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, displaying one or more (i+l)-th regions, 
which respectively represent one or more (i+l)-th files 
which are logically related to the i-th file, and which 
20 are spatially related to the i-th region representing 
that i-th file; and 

upon an user indicating a said j-th data file, 
generating for each of one or more (j+l)-th data files 
which are logically related to said j-th file and which 
25 were not already represented, a respective additional 
region representing the (j+l)-th file. 

17. A method of mapping logical relations between a 
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plurality of data files comprising: 

a step of, for a first file, in a display area 
displaying a first region and, one or more second 
regions, said second regions respectively representing 
5 one or more second files logically related to the first 
file, being spatially arranged in a two-dimensional 
formation in relation to the first region, and being 
spatially arranged relative to each other with an angular 
relationship determined by a rule, and 

10 (n-1) further steps, i = 2,...,n, of, for the or 

each i-th file, displaying one or more (i+l)-th regions, 
said (i+l)-th regions respectively representing one or 
more (i+l)-th files which are logically related to the i- 
th file, being spatially arranged in a two-dimensional 

15 formation in relation to the i-th region, and being 

spatially arranged relative to each other with an angular 
relationship determined by said rule. 

18. A method of mapping logical relations between a 
plurality of data files comprising: 

20 a step of, for a first file, in a display area 

displaying a first region and, for M an integer greater 
than one and q an integer in the range 1, . .M, q second 
regions, said second regions respectively representing 
one or more second files logically related to the first 

25 file, being arranged in relation to the first region, 

having a relative angular relationship according to the 
first q positions of a predefined sequence of M 
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predetermined positions. 

(n-1) further steps, i = 2,...,n, of, for the or 
each i-th file, for qi an integer in the range 1,...,M 
displaying qi (i+l)-th regions, said (i+1) -th regions 
5 respectively representing one or more (i+1) -th files 
which are logically related to the i-th file, being 
arranged in relation to the i-rh region, and having a 
relative angular relationship according to the first q x 
positions of said sequence of predetermined positions. 
10 19 A method according to claim 18 in which said 
predetermined positions are in relation to a 
predetermined direction in said display. 

20. A method according to any of claims 9 to 19 wherein 
said second regions are displayed according to a first 

15 distance scale, and for each i-th file said (i+l)-th 
regions are displayed according to a respective i-th 
distance scale smaller than the respective (i-l)-th 
distance scale. 

21. A method according to claim 20 wherein said second 
20 regions have a size according to said first distance 

scale and said (i+l)-th regions have a size according to 
said i-th distance scale. 

22. A method according to any of claims 1 to 8, or 21, 
in which the respective sizes of the (i+l)-th regions of 

25 a given i-th file are the i-th distance scale multiplied 
by value which is a function of a variable characterizing 
the respective (i+l)-th file. 
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23. A method according to any of claims 1 to 8, or 20 
to 22, in which said distance scales are chosen to 
decrease with i according to a predetermined relation 
such that irrespective of the value of n the total area 

5 of the display never exceeds a predetermined value. 

24. A method according to any of claims 1 to 8, or 20 
to 23 in which the distance scales are chosen such that 
the total area of the one or more (i+l)-th regions for 
each i-th file is less than the area of the i-th region 

10 representing the i-th file. 

25 . A method according to any preceding claim in which 
the data files define a tree-like (preferably tree) 
directory structure and the logical relationships between 
the data files are the links of the directory structure. 

15 26. A method according to any preceding claim in which 
said logical relations are defined by hyperlinks between 
said data files. 

27. A method according to claim 1 or claim 26 in which 

said hyperlinks are hypertext links. 
20 28. A method according to claim 26 or 27 in which the 

logical relationships are such that each said (i+l)-th 

file can be reached from the i-th file by one click. 

29. A method according to claim 1, or claims 26 to 28 

in which said data files are files of the world wide web. 
25 30. A method according to any of claims 1 or 26 to 29 

in which the plurality of files are provided by a 

plurality of spatially separated servers. 


6/12/2006, EAST Version: 2.0.3.0 


WO 00/13104 


PCT/GB99/02820 


118 

31. A method according to any preceding claim in which 
said second regions are spatially arranged relative to 
each other with an angular relationship determined by a 
rule, and for i = 2,...,n, the or each said (i+l)-th 
regions are spatially arranged relative to each other 
with an angular relationship determined by said rule. 

32. A method according to claim 31 in which said rule 
is in relation to a predefined direction in the display 
area, whereby the angular relationships of the (i+1) -th 
regions are determined in relation to the predetermined 
direction. 

33. A method according to any preceding claim wherein 
if a given one of said files is a frame set, the region 
which represents the file indicates this. 

34. A method according to claim 33 in which the region 
representing an i-th file which is a frame set 
partitioned into 1 sections (k=l,...l), the respective i- 
th region which represents the i-th file is partitioned 
into 1 sections (k=l,...,l), the (i+l)-th regions which 
represent those files which are linked to the i-th file 
by anchors within the k-th section of the i-th file being 
within the k-th section of the i-th region. 

35. A method according to any preceding claim in which 
the first file is a data file which corresponds to a 
present browser location of a user. 

36. A method according to claim 35 which is performed 
upon the present web or system browser location of the 
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user changing. 

37. A method according to any preceding claim, wherein 
at least one criterion is used to identify a subset of 
(i+l)-th regions logically related to the i-th file, the 

5 method not displaying regions for said subset of 
identified (i+l)-th files. 

38. A method according to claim 37 in which said at 
least one said criterion is that an identified file is 
already represented on the map, and optionally also that 

10 the data file to which it is logically related is already 
represented on the map. 

39. A method according to claim 38 in which said at 
least one criterion is such that if there are more than a 
predetermined number M of (i+l) -th data files logically 

15 related to a given i-th file, the method displays M 

(i+l)-th regions, respectively representing only M of 
those (i+l)-th files. 

40. A method of mapping logical relationships of a data 
file, which includes a step of selecting a file, and 

20 causing the terminal to perform the method according to 
any of claims for a set of files including said data 
file, employing said data file as said first file. 

41. A method according to any preceding claim wherein 
the user can label at least one said file, the map 

25 modifying the region which represents each of said 

respective labelled data files to indicate that the file 
has been labelled. 
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42. A method according to any preceding claim wherein 
the. shape or colouring of at least one said region is in 
accordance with characteristics of the respective file 
represented by that region. 
5 43 . A method according to any preceding claim in which 
additional information is displayed to indicate the 
significance of at least one of said data files. 

44. A method according to claim 43 in which said 
additional information is displayed upon a command by the 

10 user. 

45 . A method of mapping interconnections between 
plurality of segments of one or more data files, 
comprising: 

a step of, for a first segment, in a display area 
15 displaying a first region and one or more second regions, 
which respectively represent one or more second segments 
logically related to the first segment, and which are 
spatially related to the first region; and 

(n-1) further steps, i « 2,...,n, of for the or 
20 each i-th portion of the file displaying one or more 
(i+l)-th regions, which respectively represent one or 
more (i+1) -th segments which are logically related to the 
i-th segment, and which are spatially related to the i-th 
region representing that i-th segment. 
25 46. A method according to claim 45 wherein said 

segments of data files represent respective portions of a 
structured computer language, the logical relationships 
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corresponding to said structure. 

47. A method according to claim 46 wherein the computer 
language is HMTL. 

48. A method according to any preceding claim in which 
for i=l, . . .n the (i+l)-th regions are arranged in a two 
dimensional formation. 

49. A method according to any preceding claim in which 
the (i+l)-th regions for each i-th region are non- 
overlapping within the i-th region. 

50. A method according to any preceding claim wherein 
the (i+l)-th regions are as large as possible within the 
constraint of a predetermined size and arrangement rule. 

51. A method according to any preceding claim wherein 
the (i+l)-th regions are arranged symmetrically 

within the corresponding i-th region. 

52 . A method according to any preceding claim wherein 
the user has the option of redefining the shape of the 
regions and/or their size and/or their arrangement within 
the display. 

53 . A method according to any preceding claim further 
comprising a step of generating a second map, including 
areas respectively representing (i+l)-th regions of a 
given i-th region, said areas having relative positions 
corresponding to the relative positions of the (i+1) -th 
regions . 

54. A method according to claim 53 in which the second 
map is spatially separated in the display area from the 
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map representing the plurality of data files. 

55. A method according to any preceding claim in which 
for i=l,.., n said (i+1) -th regions are substantially 
circular. 

56. A method according to any of claims 1 to 54 in 
which for i=l,.., n said (i+l)-th regions are 
substantially rectangular. 

57. A method according to any of claims 1 to 54 in 
which for i=l,.., n said (i+l)-th regions are 
substantially square. 

58. A device including display means, and arranged to 
perform a method according to any of the preceding 
claims . 

59. A device according to claim 58 which is a portable 
device . 

60. A device according to claim 58 which is a mobile 
telephone. 

61. A device according to claim 58 which is a fixed 
installation. 

62. A device according to any of claims 58 to 61 which 
includes a mechanical data input device, the arrangement 
of the regions corresponding to the layout of the 
mechanical data input device. 

63 . A computer program product which can be read by a 
data processing device to cause the data processing 
device to perform a method according to any of claims 1 
to 57. 
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SPECIFICATION \ FIELD 

FIELD OF THE INVENTION 

The present invention generally relates to data communication networks 

and, more particularly... 
...on-demand submap systems, a submap corresponds with each view of the 

network to be displayed. The network management map is the collection of 

all submaps. In these on-demand submap systems, and particularly the... 


.user wishes to have available, and hence, specifies the submaps which 
are resident within the map. Moreover, the user can also open, or 
"explode," a submap during operation even though it is not specified as 
resident in the map. In this case, the submap is generated immediately 
from the topology data when the user... 

.network topology is discovered, and all this topology information is 
displayed in the network management map. This predicament results in 
clutter of objects in the submaps and in dilution of the functionality 
pertaining to each submap. Furthermore, this... 

.contents of the network management map for a management station for the 
purpose of reducing object clutter, minimizing memory requirements, and 
minimizing expense, and optimizing performance (including speed) . 

SUMMARY OF THE. . . 

.system and method for a management station for customizing the contents 
of a network management map. The system comprises a processor which 
executes the instructions provided by the various software elements of 
the system, a memory for storing the various software elements, a display 
for showing the devices and interconnections of the network, an interface 
that interconnects the foregoing... 

.determining the network topology data, a layout mechanism for converting 
the network topology data to map data and for driving the display with 
the map data, and a filtering system, which is a significant feature of 
the present invention as... 

.situated between the discovery mechanism and the layout mechanism so 
that the filtering system filters objects within the topology data that 
pass from the discovery mechanism to the layout mechanism. Second. . . 

.be situated between the layout mechanism and the network so that the 
filtering system filters objects within the topology data that pass from 
the network to the discovery mechanism. Third, the filtering system can 
also be situated between discovery mechanisms so that the filtering 
system filters objects within the topology data that passes between the 
discovery mechanisms. 

In an implementation where more... 

.filtering systems utilize a common filtering library, which contains the 
filtering specification pertaining to the objects. The filtering 
specification associated with each filtering system can include a list of 
one or more objects to be allowed or disallowed, a boolean expression (or 
equation) defining which objects are to be allowed or disallowed, or any 
other mechanism for specifying a filtering condition... 

.the filtering system and method is that they customize the contents of a 
network management map generated by a management station so as to reduce 
clutter of objects in submaps. 

Another advantage of the filtering system and method is that they 
minimize memory requirements as well as resultant expense for generating 
a network management map in a management station. 


Another advantage of the filtering system and method is that they 
enhance the performance of a process for generating a network management 
map in a management station. 

Another advantage of the filtering system and method is that they 
minimize requisite processing time for producing a network management map 
in a management station. 

Another advantage of the filtering system and method is that they 
minimize requisite interprocess communication in a management station for 
generating a network management map of a data communications network. 

Another advantage of the filtering system and method is that... 

.in the art upon examination of the following drawings and detailed 
description. All such additional objects, features, and advantages are 
intended to be included herein within the scope of the present... 
.method of the present invention; 


CLAIMS 1. A management system (100) for efficiently discovering and 
displaying devices and interconnections of a network (118), 
comprising : 

a processor (102) ; 

a memory (110) ; 

a display (108) ; 

an interface (104) interconnecting said processor (102), said memory 
(110), and said display (108) and capable of connecting to said 
network (118) ; 

a discovery mechanism (302) stored in. . . 

...data (316) from said discovery mechanism (302), said layout mechanism 

(304) configured to drive said display (108) based upon said topology 
data (316) ; and 

a filtering system (103) stored in said memory (110) for driving said 

processor (102), said filtering system (103) configured to filter 
objects within said topology data (316) that pass from said discovery 
mechanism (302) to said layout... 

...stored in said memory (110) for driving said processor (102), said 

second filtering system (103) configured to filter objects within 
said topology data (316) that pass from said network (118) to said 
discovery mechanism. . . 

...stored in said memory (110) for driving said processor (102), said 

second filtering system (103) configured to filter objects within 
said topology data (316) that pass between said first and second 
discovery mechanisms (302... 

...stored in said memory (110) for driving said processor (102), said third 
filtering system (103) configured to filter objects within said 
topology data (316) that pass from said network (118) to said 
discovery mechanism. . . 

...321) in communication with said first, second, and third filtering 

systems (103), said library (321) configured to specify which of said 
objects are communicated through said filtering systems (103) . 

6. A management system (100) for efficiently discovering and displaying 

devices and interconnections of a network (118), comprising: 
a processor (102); 
a memory (110) ; 
a display (108) ; 

an interface interconnecting said processor (102), said memory (110), 
and said display (108) and capable of connecting to said network 
(118) ; 

a discovery mechanism (302) stored in... 
...data (316) from said discovery mechanism (302), said layout mechanism 

(304) configured to drive said display (108) based upon said topology 
data (316) ; and 

a filtering system (103) stored in said memory (110) for driving said 
processor (102), said filtering system (103) configured to filter 
objects within said topology data (316) that pass from said network 
(118) to said discovery mechanism (302). 

7. A management system (100) for efficiently discovering and displaying 


devices and interconnections of a network (118), comprising: 
a processor (102) ; 
a memory (110) ; 
a display (108) ; 

an interface (104) interconnecting said processor (102), said memory 
(110), and said display (108) and capable of connecting to said 
network (118) ; 

first and second discovery mechanisms (302... 

.data (316) from said discovery mechanism (302), said layout mechanism 

(304) configured to drive said display (108) based upon said topology 
data (316); and 
a filtering system (103) stored in said... 

.said topology data (316) with a predefined library (321) to determine 

allowable objects and nonallowable objects; 
converting said allowable objects into map data (328) and displaying 

said map data (328) ; and 
refraining from converting said nonallowable objects into map data (328) 

and from displaying said map data (328) . 

9. A filtering method (101) for discovering and displaying devices and 

interconnections of a network (118), comprising the steps of: 
generating topology data (316... 

.comparing objects within said topology data (316) with a predefined 

library (321) to determine allowable objects and nonallowable objects 
; 

converting said allowable objects into map data (328) and displaying 

said map data (328) ; and 
eliminating said nonallowable objects from said topology data (316) . 

10. A filtering method (101) for discovering and displaying devices and 
interconnections of a network (118), comprising the steps of: 

generating topology data (316... 

.with first and second discovery mechanisms (302) that are interfaced to 

said network (118) ; 
communicating objects within said topology data (316) between said first 

and second discovery mechanisms (302); 
comparing said objects that are communicated between said first and 

second discovery mechanisms (302) with a predefined library (321) to 

determine allowable objects and nonallowable objects; and 
preventing transfer of said nonallowable objects between said first and 

second discovery mechanisms (302), while permitting transfer of said 

allowable objects therebetween. 
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Discovery/layout software configures a general purpose 
computer system to act as a management station using an 
industry standard SNMP protocol. The discovery/layout 
software has a discovery mechanism and a layout mecha- 
nism which, in combination, permit the discovery/layout 
software to provide various submaps to a display for illus- 
trating network topology, which includes devices and device 
interconnections of a network. The submaps correspond to 
various hierarchical views of a network. Significantly, one or 
more filtering systems are provided in the discovery/layout 
software for filtering objects to be displayed within the 
submaps. The filtering systems reduce clutter in the 
submaps. reduce memory usage and associated expense, and 
reduce interprocess communication (context switching) to 
achieve higher performance. 

31 Claims, 25 Drawing Sheets 
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2118. which adds the interface pertaining to IFOBJ to the 
SYMCHANGELIST. If not, then the block 2116 transfers to 
the block 2120. which adds the interface pertaining to IFOBJ 
(between node object and network object) to NEWSYM- 
LIST 

At block 2122. the variable NET is set to assume the 
contents of the network submap 206 (FIG. 2). The contents 
include, for example but not limited to segments, 
connections, etc. Block 2122 transfers to block 2124 of FIG. 
21B. 

With reference to FIG. 21B. at block 2124, a determina- 
tion is made as to whether SEGOBJ is in NET, i.e., whether 
the segment object is within the network submap 206 (FIG. 
2). If not. then the flow chart terminates. If so. then the block 
2124 transfers to the block 2126. 

At block 2126. a determination is made as to whether 
NODEOJ is in NET. i.e.. whether the node object is within 
the network submap 206 (FIG. 2). If not then the flow chart 
transfers to block 2134. If so. then the block 2126 transfers 
to the block 2128. 

At block 2128. an inquiry is made as to whether IFOBJ is 
within NET. i.e.. whether the interface object is within the 
network submap 206 (FIG. 2). If so. then the block 2128 
transfers to block 2130, which adds the interface pertaining 
to IFOBJ to SYMCHANGELIST. If not, then the block 2128 
transfers to the block 2132, which adds the interface per- 
taining to IFOBJ (which is between a node object and a 
segment object) to NEWSYMUST. The blocks 2130. 2132 
transfer to the block 2134. as is shown in FIG. 21B. 

At block 2134. the variable SEG is set to assume the 
contents of the segment submap 208 (FIG. 2). The contents 
include, for example but not limited to, nodes and connec- 
tions. Block 2134 transfers to block 2136. 

At block 2136. a determination is made as to whether 
NODEOBJ is in SEG. i.e., whether the node object is within 
the segment submap 208 (FIG. 2). If not. then the flow chart 
transfers to block 2146 of FIG. 21B. If so, then the block 
2136 transfers to block 2138. 

At block 2138, a determination is made as to whether 
IFOBJ is within SEG, i.e., whether the interface object is 
within the segment submap 208 (FIG. 2). If so, then the 
block 2138 transfers to the block 2142. which adds the 
interface pertaining to IFOBJ to SYMCHANGELIST. If not, 
then the block 2138 transfers to the block 2144, which adds 
the interface pertaining to IFOBJ to NEWSYMLIST. The 
blocks 2142. 2144 are transferred to the block 2146 of FIG. 
21C. 

With reference to FIG. 21C, at block 2146. the variable 
NODE is set to assume the contents of the node submap 210 
(FIG. 2). The contents include interface objects. Block 2146 
transfers to the block 2148. 

At block 2148. a determination is made as to whether 
IFOBJ is within NODE, i.e.. whether the interface object is 
within the node submap 210 (FIG. 2). If so, then the 
interface pertaining to IFOBJ is added to 
SYMCHANGELIST. as indicated at block 2150. If not. then 
the block 2148 transfers to the block 2152. which adds the 
interface pertaining to IFOBJ to NEWSYMLIST. Finally, 
after blocks 2150. 2152. the flow chart contained collec- 
tively in FIGS. 21A through 21C terminates. 

FIG. 22 shows a flow chart of the architecture and 
functionality of a preferred embodiment for implementing 
the update map block 1008 (FIG. 10). In this flow chart a 
batch transfer of change is sent by the translator 318 to the 
GUI 322. With reference to FIG. 22. at block 2202. the 
translator 318 transfers the NEWSYMLIST to the GUI 322. 
and in block 2204. the translator 318 transfers the SYM- 
CHANGELIST to the GUI 322. After block 2204, the flow 
chart of FIG. 22 terminates and the operation passes back to 
block 1010 (FIG. 10). 

FIG. 23 illustrates an on-demand submap module con- 
tained within the GUI 322 (FIG. 3). This flow chart imple- 
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ments the user interface to the various submaps of the map 
200 (FIG. 2). With reference to FIG. 23. at a block 2302, the 
GUI 322 monitors the input devices connected to the man- 
agement station 100 (FIG. 1). for instance, the input device 

5 106. When the user of the management station 100 prompts 
the management station 100 via the input device 106 or 
some other input device to explode an object on the display 
108, the block 2302 of FIG. 23 transfers to the block 2304 
in order to process the user request At block 2304. a 
determination is made as to whether the child submap is 
contained within the map 200 (FIG. 2). If so. then the block 
2304 transfers to the block 2308. If not. then the block 2304 
transfers to the block 2306. which creates and populates the 
submap. The GUI 322 populates the submap by requesting 
the translator 318 to create and populate a submap based on 

15 topology data retrieved from the topology manager 310. 
Moreover, block 2306 transfers to the block 2308 which 
opens the child submap and displays the child submap on the 
display 108 for the user. 
In concluding the detailed description, it should be noted 

20 that it will be obvious to those skilled in the art that many 
variations and modifications may be made to the preferred 
embodiments without substantially departing from the prin- 
ciples of the present invention. All such variations and 
modifications are intended to be included herein within the 

23 scope of the present invention, as set forth in the following 
claims. Further, in the claims hereafter, the structures, 
materials, acts, and equivalents of all means-plus-function 
elements or all step-plus-funcu"on elements are intended to 
include any and all structures, materials, or acts for per- 
forming the specified functions in combination with the 
other claimed elements. 

Wherefore, the following is claimed: 
1. A management system for efficiently discovering and 
displaying devices and interconnections of a network, com- 
prising: 

35 

a processor; 
a memory; 
a display; 

an interface interconnecting said processor, said memory. 
40 and said display and capable of connecting to said 
network; 

a discovery mechanism stored in said memory for driving 
said processor, said discovery mechanism configured to 
discover and store topology data indicative of said 
45 devices and said interconnections of said network; 
a layout mechanism stored in said memory for driving 
said processor, said layout mechanism configured to 
receive said topology data from said discovery 
mechanism, said layout mechanism configured to drive 
50 said display based upon said topology data; and 

a filtering system stored in said memory for driving said 
processor, said filtering system configured to filter 
objects within said topology data that pass from said 
discovery mechanism to said layout mechanism. 
55 2. The system of claim 1, further comprising a library 
associated with said filtering system said library configured 
to specify which of said objects are communicated from said 
discovery mechanism to said layout mechanism, 

3. The system of claim 1, further comprising a second 
60 filtering system stored in said memory for driving said 

processor, said second filtering system configured to filter 
objects within said topology data that pass from said net- 
work to said discovery mechanism. 

4. The system of claim 1, further comprising: 

65 a second discovery mechanism stored in said memory for 
driving said processor, said second discovery mecha- 
nism configured to discover and store topology data 
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indicative of said devices and said interconnections of 
said network; and 
a second filtering system stored in said memory for 
driving said processor, said second Altering system 
configured to filter objects within said topology data 5 
that pass between said first and second discovery 
mechanisms. 

5. The system of claim 4. further comprising a third 
Altering system stored in said memory for driving said 
processor, said third filtering system configured to filter io 
objects within said topology data that pass from said net- 
work to said discovery mechanism. 

6. The system of claim 5. further comprising a library in 
communication with said first second, and third filtering 
systems, said library configured to specify which of said 15 
objects are communicated through said filtering systems. 

7. The system of claim 1. wherein said layout mechanism 
comprises: 

a translator configured to convert said topology data to 
said map data: and 20 

a graphical user interface configured to receive said map 
data from said translator and to drive said display based 
upon said map data. 

8. The system of claim 5, wherein said translator is 
configured to generate a plurality of hierarchically arranged 25 
submaps from said topology data. 

9. The system of claim 8, wherein said hierarchically 
arranged submaps include an internet submap having at least 
one network object at least one network submap associated 
with said at least one network object and having at least one 30 
segment object at least one segment submap associated with 
said at least one segment object and having at least one node 
object and at least one node submap associated with said at 
least one node object and having at least one interface 
object 

10. The system of claim 1. wherein said filtering system 35 
includes a boolean expression for determining which of said 
objects within said topology data pass from said discovery 
mechanism to said layout mechanism. 

11. A management system for efficiently discovering and 
displaying devices and interconnections of a network, com- 40 
prising: 

a processor; 
a memory; 

a display; 45 
an interface interconnecting said processor, said memory. 

and said display and capable of connecting to said 

network; 

a discovery mechanism stored in said memory for driving 
said processor, said discovery mechanism configured to 50 
discover and store topology data indicative of said 
devices and said interconnections of said network; 

a layout mechanism stored in said memory for driving 
said processor, said layout mechanism configured to 
receive said topology data from said discovery 55 
mechanism, said layout mechanism configured to drive 
said display based upon said topology data; and 

a filtering system stored in said memory for driving said 
processor, said filtering system configured to filter 
objects within said topology data that pass from said 60 
network to said discovery mechanism 

12. The system of claim 11. further comprising a library 
associated with said filtering system, said library configured 
to specify which of said objects are communicated from said 
network to said discovery mechanism. 65 

13. The system of claim 11. wherein said layout mecha- 
nism comprises: 
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a translator configured to convert said topology data to 

said map data; and 
a graphical user interface configured to receive said map 

data from said translator and to drive said display based 

upon said map data. 

14. The system of claim 13. wherein said translator is 
configured to generate a plurality of hierarchically arranged 
submaps from said topology data. 

15. The system of claim 14. wherein said hierarchically 
arranged submaps include an internet submap having at least 
one network object at least one network submap associated 
with said at least one network object and having at least one 
segment object at least one segment submap associated with 
said at least one segment object and having at least one node 
object, and at least one node submap associated with said at 
least one node object and having at least one interface 
object. 

16. The system of claim 11. wherein said filtering system 
includes a boolean expression for determining which of said 
objects within said topology data pass from said network to 
said discovery mechanism. 

17. A management system for efficiently discovering and 
displaying devices and interconnections of a network, com- 
prising: 

a processor; 
a memory; 
a display; 

an interface interconnecting said processor, said memory, 
and said display and capable of connecting to said 
network; 

first and second discovery mechanisms stored in said 
memory for driving said processor, said first and sec- 
ond discovery mechanisms configured to discover and 
store topology data indicative of said devices and said 
interconnections of said network; 

a layout mechanism stored in said memory for driving 
said processor, said layout mechanism configured to 
receive said topology data from said discovery 
mechanism, said layout mechanism configured to drive 
said display based upon said topology data; and 

a filtering system stored in said memory for driving said 
processor, said filtering system configured to filter 
objects within said topology data that pass between said 
first and second discovery mechanisms. 

18. The system of claim 17, further comprising a library 
associated with said filtering system, said library configured 
to specify which of said objects are communicated between 
said first and second discovery mechanisms. 

19. The system of claim 17. wherein said layout mecha- 
nism comprises: 

a translator configured to convert said topology data to 

said map data; and 
a graphical user interface configured to receive said map 

data from said translator and to drive said display based 

upon said map data. 

20. The system of claim 19. wherein said translator is 
configured to generate a plurality of hierarchically arranged 
submaps from said topology data. 

21. The system of claim 20. wherein said hierarchically 
arranged submaps include an internet submap having at least 
one network object at least one network submap associated 
with said at least one network object and having at least one 
segment object at least one segment submap associated with 
said at least one segment object and having at least one node 
object, and at least one node submap associated with said at 
least one node object and having at least one interface 
object. 
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22. The system of claim 17, wherein said filtering system 
includes a boolean expression for determining which of said 
objects within said topology data pass between said first and 
second discovery mechanisms. 

23. A filtering system for discovering and displaying 5 
devices and interconnections of a network, comprising: 

means for generating topology data indicative of said 

devices and said interconnections of said network; 
means for comparing objects within said topology data 

with a predefined library to determine allowable objects 10 

and nonailowable objects; 
means for converting said allowable objects into map data 

and displaying said map data; and 
means for refraining from converting said nonailowable 

objects into map data and from displaying said map 

data. 

24. A filtering system for discovering and displaying 
devices and interconnections of a network, comprising: 

means for generating topology data indicative of said ^ 

devices and said interconnections of said network; 
means for comparing objects within said topology data 

with a predefined library to determine allowable objects 

and nonailowable objects; 
means for converting said allowable objects into map data 25 

and displaying said map data; and 
means for eliminating said nonailowable objects from 

said topology data. 

25. A filtering system for discovering and displaying 
devices and interconnections of a network, comprising: 

first and second discovery means for generating topology 
data indicative of said devices and said interconnec- 
tions of said network; 

means for communicating objects within said topology J5 
data between said first and second discovery means; 

means for comparing said objects that are communicated 
between said first and second discovery means with a 
predefined library to determine allowable objects and 
nonailowable objects; and ^ 

means for preventing transfer of said nonailowable 
objects between said first and second discovery means, 
while permitting transfer of said allowable objects 
therebetween. 

26. A computer-readable medium in a management sta- 45 
tion comprising a program for discovering and displaying 
devices and interconnections of a network, said program 
comprising: 

a discovery mechanism configured to discover and store 
topology data indicative of said devices and said inter- 50 
connections of said network; 

a layout mechanism configured to receive said topology 
data from said discovery mechanism, said layout 
mechanism configured to drive said display based upon 
said topology data; and 55 

a filtering system configured to filter objects within :said 
topology data that pass from said discovery mechanism 
to said layout mechanism. 

27. A computer-readable medium in a management sta- 
tion comprising a program for discovering and displaying 60 
devices and interconnections of a network, said program 
comprising: 

a discovery mechanism configured to discover and store 
topology data indicative of said devices and said inter- 
connections of said network; 
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a layout mechanism configured to receive said topology 
data from said discovery mechanism, said layout 
mechanism configured to drive said display based upon 
said topology data; and 

a filtering system configured to filter objects within said 
topology data that pass from said network to said 
discovery mechanism. 

28. A computer-readable medium in a management sta- 
tion comprising a program for discovering and displaying 
devices and interconnections of a network, said program 
comprising: 

first and second discovery mechanisms configured to 

discover and store topology data indicative of said 

devices and said interconnections of said network; 
a layout mechanism configured to receive said topology 

data from said first and second discovery mechanisms. 

said layout mechanism configured to drive said display 

based upon said topology data; and 
a filtering system configured to filter objects within said 

topology data that pass between said first and second 

discovery mechanisms. 

29. A filtering method for discovering and displaying 
devices and interconnections of a network, comprising the 
steps of: 

generating topology data indicative of said devices and 
said interconnections of said network; 

comparing objects within said topology data with a pre- 
defined library to determine allowable objects and 
nonailowable objects; 

converting said allowable objects into map data and 
displaying said map data; and 

refraining from converting said nonailowable objects into 
map data and from displaying said map data. 

30. A filtering method for discovering and displaying 
devices and interconnections of a network, comprising the 
steps of: 

generating topology data indicative of said devices and 
said interconnections of said network; 

comparing objects within said topology data with a pre- 
defined library to determine allowable objects and 
nonailowable objects; 

converting said allowable objects into map data and 
displaying said map data; and 

eliminating said nonailowable objects from said topology 
data. 

31. A filtering method for discovering and displaying 
devices and interconnections of a network, comprising the 
steps of: 

generating topology data indicative of said devices and 
said interconnections of said network with first and 
second discovery mechanisms that are interfaced to 
said network; 

communicating objects within said topology data between 
said first and second discovery mechanisms; 

comparing said objects that are communicated between 
said first and second discovery mechanisms with a 
predefined library to determine allowable objects and 
nonailowable objects; and 

preventing transfer of said nonailowable objects between 
said first and second discovery mechanisms, while 
permitting transfer of said allowable objects therebe- 
tween. 

***** 
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.replaced by other characters. 
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In the SGML to HTML mapping of Fig. IB, line 42 illustrates a mapping 
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illustrates a mapping rule of the element tl of line 26 to a string of 
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<A. . . 

.of line 44 is a rule rather than an attribute value. Line 46 illustrates 
a mapping rule of the element t2 of line 30 to an HTML tag 1 

' . Line 48 illustrates a mapping rule of the element t3 of line 32 to 
an HTML tag • 

1 . Line 50 illustrates a mapping rule of the element t4 of line 34 to a 


string of HTML tags 1 
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ABSTRACT 


An object-oriented system and computer program product 
for mapping structured information to different structured 
information, which allows a user to interactively define the 
mapping. The present invention operates as an object- 
oriented user tool by accepting interactive input from a user 
of a source input, by processing the input to display the 
source input in a format for accepting and processing user 
commands to create or edit a transformation map of source 
components to target components. Interactive user input is 
then accepted and processed for selection of an input file to 
be transformed and selection of a transformation map to be 
used for the requested transformation. Interactive user input 
is accepted and processed for selection of individual com- 
ponents of the first structured information format for 
mapping, and for selection of options for the target compo- 
nents. Exemplary options for the target components are a 
null value, the source component itself, a single selected 
target component, or plural selected target components. 
Interactive user input is accepted for processing to assign 
attribute values to components of the second structured 
information formal. Exemplary options for the sources of 
attribute values arc attribute values obtained from the source 
components, system attribute values, no value, attribute 
values input interactively by the user, and content of ele- 
ment. Interactive user input is then accepted and processed 
to initiate processing of a transformation of the source input 
file in the first structured information format to a target 
output file in the second structured information format. 

31 Claims, 38 Drawing Sheets 
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allows the user to create a new directory name in the UNIX 
file system window 1504. The map option 1508 allows the 
user to request that a map be created at the time of request. 
The merge all 1510 option allows the user to create a UNIX 
file name 1504 by merging all the components of the public 
identifier name 1502 into a flat file name 1504. The next 
1512 option allows the user to step to a next screen. The 
previous 1514 option allows the user to back up to the 
previous screen. 

FIG. 20E illustrates an exemplary user interface 1520 for 
a registered owner 1522 component of the ISO/IEC 9070 
public identifier 1502 of FIG. 20D. User interface 1520 
options presented are a window 1522 showing a prefix and 
an owner-name component. User options are a map indi- 
vidually 1524, a merge both 1526, a next 1527, and a 
previous 1528. The map individually 1524 option allows the 
user to map individual components of the ISO/IEC 9070 
name 1522 to individual components of the UNIX file 
system scheme 1504 of FIG. 20D. The merge both 1526 
option allows the user to merge components of the registered 
owner name 1522 into one fiat UNIX file name or directory 
name. The next 1527 option allows the user to step to a next 
screen. The previous 1528 option allows the user to back up 
to the previous screen. 

FIG. 20F illustrates an exemplary user interface 1530 for 
mapping the prefix, owner name component separator to the 
UNIX legal character set format 1534. The registered owner 
component has a prefix and an owner-name component 
separator 1532 which is not a widely used character 
string in the UNIX environment. The user is allowed to map 
the separator 1532 to any of the valid characters in the 
UNIX file system character set 1534, with a mapping to 
as a default mapping. User options arc a map 1536, a next 
1537, and a previous 1538. The map 1536 option allows the 
user to select creating a map, with the assumption that the 
user has finished selecting options for creation of the map. 
The next 1537 option allows the user to step to a next screen. 
The previous 1538 option allows the user to back up to the 
previous screen. 

FIG. 20G illustrates an exemplary user interface 1540 for 
mapping an owner name character 1542 to valid characters 
1544 of the UNIX file system format. The user is given the 
options of mapping special characters 1542 which are valid 
in the ISO/IEC 9070 scheme to characters which are valid in 
the UNIX file system scheme 1544. A mapping of a char- 
acter in the ISO/IEC 9070 scheme 1542 is set to as a 
default mapping. The user is given options of a map 1546, 
a next 1548, and a previous 1550. The map 1546 option 
allows the user to select creating a map, with the assumption 
that the user has finished selecting options for creation of the 
map. The next 1548 option allows the user to step to a next 
screen. The previous 1550 option allows the user to back up 
to the previous screen. 

FIG. 20H illustrates an exemplary user interface 1560 for 
the user to map a registered owner component 1562 to a 
UNIX file scheme format 1564. The user is allowed to select 
a prefix component of the registered owner name or an 
owner name component other than prefix 1562. The user is 
allowed to select a directory option in the UNIX scheme 
1564. The user is also allowed to select a file with object 
name option in the UNIX file scheme 1564. The user is 
given an option of a map 1566 for creating the map with the 
options currently selected. The user is also given an option 
of a previous 1568 to back up to the previous screen. 

The present invention has been described using an exem- 
plary implementation of a mapping creator and editor for an 
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SGML to HTML transformer with user interaction for 
creation and editing of the map, and an exemplary mapping 
creator and editor for an ISO/IEC 9070 to a UNIX file 
format transformer. The example shown in this disclosure 

5 uses OOP and Windows GUI techniques to implement the 
user interface, map processing, and transformation. 
However, the user interface can be implemented using text 
line queries or menus. Programming methodologies other 
than OOP can be used for implementing the processing. 

jo References to storage areas can be made by techniques other 
than using pointers. 

This invention may be conveniently implemented using a 
conventional general purpose digital computer or micropro- 
cessor programmed according to the teachings of the present 

15 specification, as will be apparent to those skilled in the 
computer art. Appropriate software coding can readily be 
prepared by skilled programmers based on the teachings of 
the present disclosure, as will be apparent to those skilled in 
the software art. The invention may also be implemented by 

20 the preparation of application specific integrated circuits or 
by interconnecting an appropriate network of conventional 
component circuits, as will be readily apparent to those 
skilled in the art. 

The present invention includes a computer program prod- 

25 ucl which is a storage medium including instructions which 
can be used to program a computer to perform a process of 
the invention. The storage medium can include, but is not 
limited to, any type of disk including floppy disks, optical 
discs, CD-ROMs, and magneto-optical disks, ROMs, 

30 RAMs, EPROMs, EEPROMs, magnetic or optical cards, or 
any type of media suitable for storing electronic instructions. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of 

35 the appended claims, the invention may be practiced other- 
wise than as specifically described herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An object-oriented system for processing structured 
40 information for implementation by a computer in an object- 
oriented framework, comprising: 

a storage means; 

a first obtaining means for obtaining an interactive input 
from a user; 

45 

a second obtaining means for obtaining a first structural 
description of a first structured information format; 

a third obtaining means for obtaining a second structural 
description of a second structured information format; 
50 means for interactively creating a rule to transform an 
element of the first structured information format into 
an element of the second structured information format 
utilizing the interactive input from the user, the first 
structural description, and the second structural 
55 description; and 

means for outputting the rule, 

wherein at least one of the first obtaining means, the 
second obtaining means, the third obtaining means, the 
means for interactively creating, and the means for 
60 outputting includes a software object. 

2. A system according to claim J, wherein the first 
structured information format includes an ISO/IEC 9070 
public identifier naming format, the second structured infor- 
mation formal includes an operating system file name 

65 formal, and the means for interactively creating comprises: 
means for interactively creating a rule to transform an 
ISO/IEC 9070 public identifier naming format element 
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inio an operating system file name format clement 
utilizing the interactive input from the user, a structural 
description of the ISO/1 EC 9070 public identifier nam- 
ing format, and a structural description of the operating 
system file name format. $ 

3. A system according to claim 1, wherein the first 
structured information formal includes a first database vari- 
able name format, the second structured information format 
includes a second database variable name format, and the 
means for interactively creating comprises: 10 

means for interactively creating a rule to transform a first 
database variable name format element into a second 
database variable name format element utilizing the 
interactive input from the user, a structural description 
of the first database variable name formal, and a 35 
structural description of the second database variable 
name format. 

4. A system according to claim 1, wherein the structured 
information includes a markup language format, the first 
structured information format includes a first markup lan- 20 
guage format, the second structured information format 
includes a second markup language format, and the means 
for interactively creating comprises: 

means for interactively creating a rule to transform a first 
markup language format element into a second markup 25 
language format element utilizing the interactive input 
from the user, a structural description of the first 
markup language format, and a structural description of 
the second markup language format. 

5. A system according to claim 4, wherein the first markup 30 
language format includes a Standard Generalized Markup 
Language ("SGML"), the second markup language format 
includes a HyperTexl Markup Language ("HTML"), and the 
means for interactively creating comprises: 

means for interactively creating a rule to transform an 3:) 
SGML element of the first markup language format into 
an HTML element of the second markup language 
formal utilizing the interactive input from the user, the 
first structural description which includes an SGML 
Document Type Definition ("DTD"), and the second 40 
structural description which includes an HTML DTD. 

6. A system according to claim 1, wherein the means for 
interactively creating comprises: 

a map creator object. 

7. A system according to claim 6, wherein the means for 45 
oulpuiting the rule comprises: 

an object method for outputling the rule to a map object. 

8. A system according to claim 6, wherein the map creator 
object comprises: 

a reference to a software object for an clement for 
transformation of the first structured information for- 
mat; 

a reference to a software object for an element of the 
second structured information format, for transforma- 55 
tion of the element of the first structured information 
format; 

a reference to a software object for a property of the 
element of the second structured information format, 
for transformation of the clement of the first structured 60 
information format; 

a reference to a software object for an attribute value of 
the element of the second siructured information 
format, for transformation of the element of the first 
structured information format; 65 

an object method for obtaining the element for transfor- 
mation of the first structured information format, which 


has been interactively selected by the user, using the 
software object for the element for transformation of 
the first structured information format; 

an object method for obtaining the element of the second 
structured information formal which corresponds to the 
element of the first structured information format, 
which has been interactively selected by the user, using 
the software object for the clement of the second 
structured information formal; 

an object method for determining a property of the 
element of Ihe second siructured information format 
which has been selected by the user, using the software 
object for a property of the element of the second 
structured information format; 

an object method for obtaining a second structured infor- 
mation format attribute value which has been interac- 
tively input by a user, using the software object for the 
attribute value of the element of the second structured 
information format; and 

an object method for assigning the attribute value which 
has been interactively input by a user to the second 
structured information format attribute value. 

9. A system according to claim 8, wherein the map creator 
object further comprises: 

a reference to a software object for registering an instance 
of an clement for transformation of the first structured 
information format; and 

a reference to a software object for unregistering the 
instance of an element for transformation of the first 
structured information formal when the element is no 
longer needed by the map crcalor. 

10. A syslem according to claim I, further comprising: 
means for processing an element of the first structured 

information format into a plurality of first structured 
information format components. 

11. A system according to claim 10, wherein the means for 
processing an element of the first structured information 
format into a plurality of first structured information format 
components comprises: 

a parser object. 

12. A system according to claim 11, wherein the parser 
object comprises: 

a reference to the element of the first structured informa- 
tion format; 

a reference to a storage area for the plurality of first 
structured information format components; and 

an object method for processing the clement of the first 
structured information format into the plurality of first 
structured information formal components for storage 
in the storage area for the plurality of first structured 
information format components. 

13. A system according to claim 12, further comprising: 
means for utilizing the rule lo transform the element of the 

first structured information format into the element of 
the second structured information format. 

14. A system according to claim 13, wherein the means for 
utilizing the rule to transform the element of the first 
structured information format into the clement of the second 
structured information format comprises: 

a transformer object. 

15. A system according to claim 1, wherein the means for 
obtaining an interactive input from a user comprises: 

a user interface object. 

16. A system according to claim 15, wherein the user 
interface object comprises: 
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a reference to a software object for user input; 

an object method for obtaining interactive input from the 
user of a selection of an element for transformation of 
a first structured information format using the software 
object for user input; and 5 

an object method for obtaining interactive input from the 
user of a selection of an element of a second structured 
information format which corresponds to the clement 
of the first structured information format using the 
software object for user input. 10 

17. A system according to claim 15, wherein the user 
interface object further comprises: 

a reference to a software object for user input of a 
selection of a transformation to be performed on the 
element of the first structured information format; and 15 

an object method for obtaining interactive input from the 
user of the selection of a transformation to be per- 
formed on the element of the first structured informa- 
tion format using the software object for user input of 
the selection of the transformation. 20 

18. A system according to claim 17, wherein the means for 
interactively creating a rule to transform an element of a first 
structured information format into an element of a second 
structured information format utilizing the interactive input 
from the user further comprises: 25 

a reference to a software object for a rule to be created; 
and 

an object method for creating a rule to map the second 
element of the first structured information format to a 
null string using the software object for the rule to be 30 
created, when the selection of a transformation which 
has been input by the user indicates a null transforma- 
tion is to be performed. 

19. A system according to claim 17, wherein the means for 
interactively creating a rule to transform an element of a first 35 
structured information format into an element of a second 
structured information format utilizing the interactive input 
from the user further comprises: 

a reference to a software object for a rule to be created; 
and 40 

an object method for creating a rule to map the second 
element of the first structured information format to a 
copy of the second element of the first structured 
information format using the software object for the 45 
rule to be created, when the selection of a transforma- 
tion which has been input by the user indicates a 
transformation of the second element of the first struc- 
tured information format to a copy of the second 
element of the first structured information format is to 
be performed. 

20. A system according to claim 15, wherein the user 
interface object further comprises: 

a reference to a software object for an interactive user 

input of a source for inputting the second structured 55 

information format attribute value; 
a reference to a software object for an interactive user 

input of the second structured information format 

attribute value; 

an object method for obtaining interactive input from the 60 
user of the source for inputting the second structured 
information format attribute value using the software 
object for the interactive user input of the source for 
inputting the second structured information format 
attribute value; and 65 

an object method for obtaining interactive input from the 
user of the second structured information format 
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attribute value using the software object for the inter- 
active user input of the second structured information 
format attribute value. 

21. A system according to claim 20, further comprising: 
a reference to a software object for a rule to be created; 
an object method for examining the source which has 

been input by the user; and 
an object method for assigning a null value to the second 
structured information formal attribute value using the 
software object for the rule to be created, when the 
source which has been input by the user indicates no 
source is to be used. 

22. A system according to claim 20, further comprising: 
a reference to a software object for a rule to be created; 
an object method for examining the source which has 

been input by the user; and 
an object method for assigning a system value to the 
second structured information format attribute value 
using the software object for the rule to be created, 
when the source which has been input by the user 
indicates a system source is to be used. 

23. A system according to claim 20, further comprising: 
a reference to a software object for a rule to be created; 
an object method for examining the source which has 

been input by the user; and 
an object method for assigning a first structured informa- 
tion format attribute value to the second structured 
information format attribute value using the software 
object for the rule to be created, when the source which 
has been input by the user indicates a first structured 
information format attribute source is to be used. 

24. A system according to claim 20, further comprising: 
a reference to a software object for a rule to be created; 
an object method for examining the source which has 

been input by the user; and 
an object method for assigning a first structured informa- 
tion format content value to the second structured 
information format attribute value using the software 
object for the rule to be created, when the source which 
has been input by the user indicates a first structured 
information format content source is to be used. 

25. A system according to claim 20, further comprising: 
a reference to a storage buffer for the source which has 

been input by the user; 

an object method for examining the source which has 
been input by the user using the storage buffer for the 
source which has been input by the user; 

an object method for interactively inputting a user input 
value, when the source which has been input by the 
user indicates a user input source is to be used; and 

an object method for assigning the user input value to the 
second structured information format attribute value, 
when the source which has been input by the user 
indicates a user input source is to be used. 

26. A system according to claim 1, wherein the user 
comprises: 

a software object. 

27. An object-oriented computer program product for 
processing structured information for implementation by a 
computer in an object-oriented framework, comprising: 

a storage means; 

a first obtaining means for obtaining an interactive input 
from a user; 

a second obtaining means for obtaining a first structural 
description of a first structured information format; 
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a third obtaining means for obtaining a second structural 
description of a second structured information format; 

means for interactively creating a rule to transform an 
element of the first structured information format into 
an element of the second structured information formal 
utilizing the interactive input from the user, the first 
structural description, and the second structural 
description; and 

means for outpulling the rule, 

wherein at least one of the first obtaining means, the 
second obtaining means, the third obtaining means, the 
means for interactively creating, and the means for 
out putting includes a software object. 

28. A computer program product according to claim 27, 
wherein the first structured information format includes 
ISO/1EC 9070 public identifier naming format, the second 
structured information format includes an operating system 
file name formal and the means for interactively creating 
comprises: 

means for interactively creating a rule to transform an 
clement of a first structured information format which 
includes an ISO/ICC 9070 public identifier element 
into an element of a second structured information 
format which includes an operating system file name 
format element utilizing the interactive input from the 
user, the first structural description which includes a 
structural description of the ISO/IEC 9070 public iden- 
tifier format, and the second structural description 
which includes a structural description of the operating 
system file name format. 

29. A computer program product according to claim 27, 
wherein the structured information includes database vari- 
able names, the first structured information format includes 
a first database variable name format, the second slruclured 
information format includes a second database variable 
name formal, and the means for interactively comprises: 

means for interactively creating a rule to transform an 
element of a first structured information format which 
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includes a first database variable name format clement 
into an element of a second structured information 
format which includes a second database variable name 
formal element utilizing the interactive input from the 
5 user, the first structural description which includes a 
structural description of the first database variable 
name format, and the second structural description 
which includes a structural description of the second 
database variable name format. 

30. A computer program product according to claim 27, 
wherein the structured information includes markup 
language, the first structured information format includes a 
first markup language, the second structured information 

15 format includes a second markup language, and the means 
for interactively comprises: 

means for interactively a rule to transform an element of 
a first structured information format which includes a 
first markup language element into an element of a 

20 second structured information format which includes a 
second markup language element utilizing the interac- 
tive input from the user, the first structural description 
which includes a structural description of the first 
markup language, and the second structural description 

25 which includes a structural description of the second 
markup language. 

31. A computer program product according to claim 30, 
wherein the first markup language includes SGML, the 
second markup language includes HTML, and the means for 

30 interactively further comprises: 

means for interactively a rule to transform an element of 
a first markup language which includes an SGML 
element into an element of a second markup language 
which includes an HTML element utilizing the inter- 

35 active input from the user, the first structural descrip- 
tion which includes an SGML DTD, and the second 
structural description which includes an HTML DTD. 

***** 


6/12/2006, EAST Version: 2.0.3.0 


58/3,K/46 (Item 46 from file: 348) Links 
EUROPEAN PATENTS 

(c) 2006 European Patent Office. All rights reserved. 


RELATIONS BETWEEN OBJECTS IN DYNAMIC 


OBJEKTEN IN 


00858026 

METHOD FOR MANAGING DYNAMIC 

OBJECT-ORIENTED LANGUAGES 
VERFAHREN ZUR VERWALTUNG DYNAMISCHER RELATIONEN ZWISCHEN 

DYNAMISCH OB JEKTORIENTIERTEN PROGRAMMIERSPRACHEN 
PROCEDE DE GESTION DE RELATIONS DYNAMIQUES ENTRE OBJETS DANS DES LANGAGES 

DYNAMIQUES ORIENTES OBJETS 
PATENT ASSIGNEE: 

Viewsoft, Inc., (2322080), Suite 300, 250 West Center Street, Provo, UT 
84601, (US), (Proprietor designated states: all) 
INVENTOR: 

. , 1823 South 250, South Orem, UT 84058, (US) 

1962 East California Avenue, Provo, UT 84606, (US) 
231 South 100 East, Provo, UT 84606, (US) 
361 North 300 West 


C. 
L , 


MITCHELL, David, 

ANDERSON, Kelly, 

OSMAN, Andrew, V., 

MITCHELL, Dale, K. 
LEGAL REPRESENTATIVE: 

Horner, David Richard et al 
, London EC4A IDA, (GB) 
PATENT (CC, No, Kind, Date) : 


(US) 


303, Provo, UT 84601, 
[77632), D Young & Co, 21 New Fetter Lane 

(Basic) 


WO 96US16927 961022 


EP 857331 Al 980812 
EP 857331 Bl 000726 
WO 9715883 970501 
APPLICATION (CC, No, Date) : EP 96936844 961022; 
PRIORITY (CC, No, Date) : US 548536 951026 
DESIGNATED STATES: AT; BE; CH; DE; FR; GB; : IT; LI 
INTERNATIONAL PATENT CLASS (V7) : G06F-009/4 6 
NOTE : 

No A-document published by EPO 
LANGUAGE ( Publication, Procedural , Application) : English; English; English 
FULLTEXT AVAILABILITY: 


(lA 


Available Text 

Language 

Update 

Word 


CLAIMS B 

(English) 

200030 

604 


CLAIMS B 

(German) 

200030 

635 


CLAIMS B 

(French) 

200030 

680 


SPEC B 

(English) 

200030 

17571 

Total 

word count 

- document 

A 

0 

Total 

word count 

- document 

B 

19490 

Total 

word count 

- documents A + B 

19490 


INTERNATIONAL PATENT CLASS (V7): G06F-009/46 

...SPECIFICATION than lef tHandSideChanged in order to do transformations 
without regards to direction. The parameters are: The field that is 
changing, the type element that is changing (in this case the left side 
(107)), and the type element for the other side (104). The type element 
may represent a field, function, property or a list of members. 

void EosMapElement : : valueChanged (EosProbeObject *src, EosTypeElement 
*srcEI, EosTypeElement *destEI) ; 

In the simple case of the field to field mapper, valueChanged simply 
gets the value from the source side parameter (that changed) and sets the 


value on the destination side to this new value through the right type 
element (104 ) . 

6. The right type element (104) sets the field (105) in the right hand 
object (106) through the dynamic binding mechanism. The type element has 
already precomputed the index of the field from the field name, so that 
this is as efficient as possible. 

7. Probes now fire on the... 

..the mapper to be called. (Again, in an alternative embodiment this could 
be in the field element (104) rather than directly in the mapper) This 
callback again checks to see if the mapper active flag is set, and since 
it is, processing stops; that is, the value is not forwarded to the left 
hand field (101) . This check helps to avoid infinite looping within the 
mapping machinery. (The probes mechanism also has circular reduction 
machinery, but adding it to the mappers is more efficient and safer.) Of 
course this behavior can be overridden in cases where it makes sense to 
do so . 

The probes must be allowed to fire on the field (105) because other 
objects may have planted probes on this value and they would not be 
synchronized if the probe did not fire. If the right hand field (105) 
changes first, then the rightHandSideCallback would have forwarded the 
information to valueChanged, however the parameters would. . . 

..details of the implementation of valueChanged, lef tHandSideChanged and 
rightHandSideChanged may of course change for each mapper subclass. The 
general mechanism is flexible enough to handle most of the interesting 
cases. In this simple case, the mapper simply passed along the value, 
unchanged, from the left hand patron object to the right hand patron 
object. It should be noted, however, that the mapper could do anything 
with the value. It could convert it from metric units to English units, 
it could use the number as an index into a database and pass a field from 
record N on to the second patron object. Anything that can be done in a 
robust programming language can be done inside of the mapper. If a mapper 
is bi-directional, however, the transformation should always be 
transitive. That is, the transformation should... 

..of the generality obtained comes from the API of the base class 
EosMapElement for the mappers, it also comes from the type elements that 
represent the member or members involved with... 

..semantic link. As shown in figure one, there is a single type element 
for each object being connected to. If multiple members are mapped to, 
the type element holds a list of other" type elements. 

Network Considerations 

Figure 2 shows the same semantic link as figure 1 with the right hand 
patron object (206) on a second machine. 

Note that either or both fields in the patron objects in figure 1 (101) 
or (105) could be replaced by a network proxy object. When the patron 
object (106) is actually a network proxy object (206) the details change 
slightly. Essentially, the proxy object pretends to be the object that it 
represents. A generic proxy such as this cannot handle normal non-dynamic 
language syntax, such as invoking a function .directly off of the object, 
but what it can do is provide the services of probing and dynamic binding 


as if it were the patron object. This is because dynamic binding and 
probing are the same for all classes in the language. 

The type element sets the data on the proxy object in the normal way 
through dynamic binding, but the proxy object takes care of packaging and 
sending the message to the real object over the network. In the preferred 
embodiment, the network protocols were implemented using a commonly 
available RPC based networking library, they have an identifier for the 
object to send the message to, the data that changed and the path to the 
field of the element to set. Dynamic binding is able to get and set 
fields by index, or invoke functions by index, so the proxy object must 
be able to deal with these three forms of information as it builds up the 
RPC call to the other side of the network. Different mappers generate 
these different types of information, so they are all put into a 
canonical form. . . 

...implementation are beyond the scope of this disclosure, but are commonly 
available . 

EosProxy 

The proxy object is constructed with a connection object, the object to 
point to the root object involved in the connection, a path to get to the 
subfield (described below), and the name' of the field that it represents. 

EosProxyProbeObject (EosConnection ^connection, EosObject *object, const 
EosObjectPath &path, const EosAtom &name) ; As each proxy is set 
up, a unique identifier is generated for the object instance on both 
sides of the network. The id on ...so the id is passed to the other 
machine during set up, so that the object will be accessible later. Both 
machines have a lookup table that is used to transform the ID into the 
actual pointer in the address space of that machine. The proxy object 
also must reset itself whenever elements in the subclass path change. An 
exemplary implementation of the proxy object is given in Appendix I. Note 
that there is a probe object client and a probe object server. The only 
difference is that the client initializes the link. After instantiation, 
a bi . . . 

...the client back passing the server ID number back. The details of 

initially distributing the objects over the network are beyond the scope 
of this disclosure. 
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[57] ABSTRACT 

A method and system for creating named relations between 
classes in a dynamic object-oriented programming environ- 
ment via mappers is disclosed. The mapping objects 
dynamically bind to the class interfaces of the classes being 
related. These connections between classes are defined 
within a visual environment, llic relationships can be pro- 
grammatically attached by name to object instances during 
program execution. Because these relationships are stored in 
a resource and arc dynamically bound by name to the 
objects, they can be created and modified without requiring 
the source code of the objects being associated to be 
changed. This eliminates hard coded dependencies between 
objects that impede reuse of the objects in other contexts. 
The invention requires and takes fiill advantage of, meta- 
data, full dynamic binding and probing support in the objects 
being connected with the invention. 

33 Claims, 4 Drawing Sheets 
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Eos Atom Sname, 

EosData &data). 
// sender is EosConncction::rootObjcctC hanged 
virtual void rootObjcctChangcd(EosObjcctRcf AncwRoot); 
// sender is EosConncction::dataChangcd 
void da laChanged (const EosData &data): 
void probeObjectChanged(Eosl , robeObject &po): 

virtual EcsSDO *«osGetSDOQ const {return NULL:} 

protected: 

long 

fHandleToScff: 

long 
fHandleToClicnt; 

EosProbcdObjectPath fPath; 

EosObject 

EosConnection 

EosProbelD 

EosProbeObject 

EosBoolean 


"fRoot; 
*fConnection; 
IProbeld: 
fObjeclBeingProbed; 
flnDataChanged; 
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What is claimed is: 

1. A system for dynamically linking a first object instance 
and a second object instance written using a dynamic 
object-oriented language, comprising at least one semantic 
link relating said first and said second objects instances 
through their class interfaces using the dynamic binding 
capabilities of said first and second objects wherein the 
semantic link comprises: 

a third object instance that sets at least one probe on a field 

of the object instance, the probe causing the third object 

instance to perform an action on the second object 

instance if the field changes and 
properties controlling the behavior of the third object 

instance, the properties 

not being changed at runtime and 

being stored separately from program code. 

2. ITic system of claim 1 wherein said first and second 
objects arc the same object instance. 

3. Ilic system of claim 1 further comprising a plurality of 
semantic links and means for creating a connection com- 
prising a named list of said plurality of links. 

4. 'llic system of claim 3 further comprising a resource for 
storing a specification of said connection. 

5. The system of claim 4 further comprising means for 
creating and initializing said connection during program 
execution in accordance with said specification. 

6. The system of claim 3 further comprising means for 
dynamically creating and destroying said connection during 
program execution. 

7. The system of claim 1 wherein said link performs 
transformations on information passed between said first and 
said second objects. 

8. The system of claim 1, wherein the first object instance 
resides on a first machine and the second object instance 
resides on a second machine, the first machine and the 
second machine coupled to a computer network. 

9. The system of claim 1, wherein the third ob ject instance 
resides on a third machine, the third machine coupled to the 
computer network. 

10. The system of claim 1, wherein the action comprises 
setting a field in the second object instance. 

11. The system of claim 1, wherein the action comprises 60 coupled to the computer network. 
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14. ITic system of claim 1, wherein the third object 
instance sets a second probe on a field of the second object 
instance, the second probe causing the third object instance 
to perform an action on the first object instance if the field 
of the second object instance is changed. 

15. A method of establishing communication between a 
first object instance and a second object instance, the first 
object and the second object written using a dynamic 
object-oriented language, the method comprising: 

instantiating a third object instance, the third object 

instance having properties that 

are not changed at runtime and 

are stored separately from program code; 
the third object instance setting a first probe on the first 

object; and 

based on the probe, if a field changes in the first object 
instance, communicating with the second object 
instance. 

16. The method of claim 15, wherein communicating with 
the second object instance comprises: 

calling a function in the second object instance. 

17. ITic method of claim 16, wherein calling a function 
comprises: 

the third object instance collecting parameters from the 
s t first object via dynamic binding and 
the third object instance passing the parameters to the 
function. 

18. The method of claim 15, wherein communicating with 
the second object instance comprises: 

updating a field in the second object instance. 

19. The method of claim 15, wherein communicating with 
the second object instance comprises: 

firing a second probe on a field of the second object 
instance. 

20. The method of claim 15, comprising 
the third object instance setting a second probe on the 

second object instance and 
based on the second probe, if a field changes in the second 
object instance, communicating with the first object 
instance. 

21. The method of claim 15, comprising: 
instantiating a plurality of objects instances; 
the object instances in the plurality of object instances 

setting probes on the first object instance; and 
based on at least a probe in the plurality of probes, if a 
field changes in the first object instance, communicat- 
ing with the second object instance. 

22. The method of claim 15, comprising: 
the third object instance transforming information passed 

between the first object instance and the second object 
instance. 

23. The method of claim 15, wherein the first object 
instance resides on a first machine and the second object 
instance resides on a second machine, the first machine and 
the second machine coupled to a computer network. 

24. The method of claim 23, wherein the third object 
instance resides on a third machine, the third machine 


calling a function in the second object instance. 

12. The system of claim 11, wherein the action comprises 
setting a field in the second object instance and calling a 
function in the second object instance. 

13. The system of claim 1, wherein the action comprises 
setting a field in the second object instance and calling a 
function in the second object instance. 


25. A method of dynamically linking a first object instance 
and a second object instance written using a dynamic 
object-oriented language, the method comprising; 

instantiating a third object instance, the third object 
instance having properties controlling the behavior of 
the third object instance, the properties being stored 
separately from program code; 
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the ihird object instance setting a probe on a field of said 
first object instance, the third object instance setting the 
probe using a class interface of the first object instance; 
and 

the probe causing the third object instance to perform an 5 
action an the second object instance if the field changes. 

26. The system of claim 25, wherein the action comprises 
setting a field in the second object instance. 

27. The system of claim 25, wherein the action comprises JQ 
calling a function in the second object instance. 

28. The method of claim 27, wherein calling a function 
comprises: 

the third object instance collecting parameters from the 
first object instance via dynamic binding and 15 

the third object instance passing the parameters to the 
function. 

29. The method of claim 25, comprising 

the third object instance setting a second probe on a field ^ 0 
of the second object instance, the second probe causing 
the third object iastance to perform an action on the first 
object instance if the field of the second object instance 
is changed. 


,973 
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30. The method of claim 25, comprising: 
instantiating a plurality of object instances; 

the object instances in the plurality of object instances 
setting a plurality of probes on fields in object instances 
from among the first object instance and the second 
object instance, and 

probes from among the plurality of probes performing 
actions on object instances from among the first object 
instance and the second object instance if respective 
fields are changed. 

31. The method of claim 25, comprising: 

the third object instance transforming information passed 
between one of said first and second object instances 
and another of said first and second object instances. 

32. The method of claim 25, wherein the first object 
instance resides on a first machine and the second object 
instance resides on a second machine, the first machine and 
the second machine coupled to a computer network. 

33. The method of claim 32, wherein the third object 
instance resides on a third machine, the third machine 
coupled to the computer network. 

***** 
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WHAT IS CLAIMED IS- 

1 . A system for dynamically linking a first object instance and a second 
object instance written using a dynamic object-oriented language, comprising at 
least one semantic link relating said first and said second objects through their 
class interfaces using the dynamic binding and probing capabilities of said first 
and second objects. . 

2. The system of claim 1 wherein said first and second objects are the 
same object instance. 

3. The system of claim 1 further comprising a plurality of semantic 
links and means for creating a connection comprising a named list of said 
plurality of links 

4. The system of claim 3 further comprising a resource for storing a 
specification of said connection. 

5. The system of claim 4 further comprising means for creating and 
initializing said connection during program execution in accordance with said 
specification. 


6. The system of claim 3 further comprising a third object and means 
for niaintaining said connection during program execution by changing said one 
link to relate said first and said third objects when a characteristic of one of said 
20 first and said second objects changes. 
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7. The system of claim 3 further comprising means for destroying said 
connection during program execution. 

8. The system of claim 1 wherein said link performs transformations on 
information passed between said first and said second objects. 
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...SPECIFICATION of the object light XYZ, and extracting the event "Turn 
OFF" from a pop-up menus. Actions impacting virtual objects are specified 
in a similar manner. 

In conjunction with the prior prototyping systems described, which 
provide a graphical design environment for virtual object appearance, 
virtual object behavior and virtual object interfaces, the invention 
closes the loop for allowing full pictorial programming in the domain of 
dynamic, graphical operator interfaces. Pictorial programming allows 
computer users who do not have a traditional programming background to 
carry. 

...The invention is further directed to a visual method of, and system for, 
programming interactive, graphical applications on a computer system 
which includes a graphical display and input devices, such as a mouse and 


a keyboard. The method is particularly well... 

.graphical output which changes to reflect the values of data represented 
by virtual objects. 

The visual application is made up of virtual objects, which have both a 
graphical representation and a behavioral model. The graphical 
representation of a virtual object is defines using a graphics editor, or 
otherwise imported into the prototype system. A behavioral model is 
specified by a Property Sheet that maps a behavioral model for a virtual 
object to the visual representation. The mapping is specified by pointing 
to features of the virtual object, such as line of motion or center of 
rotation, or typing-in values. 

The behavioral . . . 

.graphical representations to simulate a physical light. 

Virtual objects are connected to, or associated with, data values so as 
to animate the objects in response to the data. As the data changes, the 
virtual objects are redrawn to reflect the changed data value. This data 
can be generated by physical input devices, other virtual objects, 
software programs residing on the same or another computer, etc. 

The subject computer prototype development... 
.the user to specify the reaction to events in a pictorial manner, in a 
visual object environment. For this purpose, a spreadsheet like State 
Table and the visual object collection coincide on the same graphical 
display. The State Table is filled in by pointing to lists of virtual 
events or actions associated with the different virtual objects. The 
contents of these lists are dependent on the virtual object class. Event 
or action descriptions are entered into the respective cells of the State 
Table, in the form of descriptive strings of text. This text describes 
the events or actions, and the event sources, or action destinations. 

The State Table allows the user to specify prototype state names, 
logical conditions, and the name of the... 

.user interface. This information is supplied by a user employing an 
alphanumeric keyboard, selecting from lists, or copying parameters from 
other cells of the spreadsheet State Table. Other control paradigms can 
be implemented using the same method, such as FSM, Rule based systems, or 
Petri Nets. The data stored in the State Table is used to automatically 
derive the control program for the prototype. 

Furthermore, in conjunction with the information stored in the virtual 
objects, a complete source code program can be generated. The source code 
program, when compiled, linked... 

.computer system as on the original prototype development platform. 

The invention includes a State Table Editor as an interactive module 
for specifying the behavior of a prototype using, for example, the 
commercially available Virtual Applications Prototyping System (VAPS) . 
The State Table Editor or definition module interface is similar to a 
spreadsheet paradigm, in that the behavior of... 

.Table Editor replaces the Logic Editor of VAPS to define relationships 
between and among virtual objects, events, states and actions. The State 
Table Editor is compatible with various simulation and prototyping 
systems. Thus, Augmented Transition Network (ATN) language programs... 


.and simulation system. In addition, ATN programs can be converted into 
State Tables and State Tables can be converted into ATN programs. 

The State Table Editor allows the user to specify the behavior of a 
simulator prototype using a spreadsheet like... 

.how the prototype should respond to a specified event. 

In its simplest form, a State Table specification for a prototype 
consists of a collection of Reaction Rules. This collection of rules is 
called a Reaction Table. More sophisticated prototypes can contain more 
than one rule set. Each rule set is ...complete the State Table by 
clicking on the prototype elements, i.e., designating a virtual object by 
manipulation of a graphics cursor using a graphic input device such as a 
mouse. Then, using... 

.the desired behavior of the virtual object. 

The State Table Editor package includes context sensitive menus and 
windows to enable an inexperienced user to define prototype behavior. It 
allows the expert... 

.C M or ADA. 

For example, if the user is specifying the behavior of a virtual object 
, then the State Table editor displays or "pops-up" a window which 
enumerates all the functions which can be performed by that virtual 
object . 

If the virtual object is an input object, then all the input events 
which that virtual object can produce is shown in a menu. If the virtual 
object is an output object, then all the functions which can control the 
virtual object is displayed. Once the appropriate event or function is 
chosen, a second pop-up window allows the user to fill in the 
details/parameters of the virtual object. Default values are nominally 
provided. If the parameter can have only a predefined set of allowable 
values, then these values are also displayed in a pop-up menu. 

The State Table Editor converts the sequence of key clicks and typed 
values into the appropriate textual syntax. The textual... 

.provides a front end to the ATN capability of the prototype development 
system. The State Table defined by the user is translated into an ATN 
program which is compiled and used to drive the target prototype system 
at runtime. 

The State Table Editor allows a user who has little or no programming 
experience to specify the desired behavior of a prototype by using a 
mouse to point to the virtual objects which are part of the behavior, and 
by choosing the desired behavior from context sensitive menus. 
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ABSTRACT 


A computer simulator system allows the user to specify 
prototype reaction to events in a pictorial manner using a 
visual object environment. A spreadsheet like State Table 
and a visual object collection coincide on a common graphi- 
cal display. The State Table is filled in by pointing to lists of 
events or actions associated with the different objects. The 
contents of these lists are dependent on the object class. 
Event or action descriptions are transported into the respec- 
tive cells of the State Table in the form of descriptive strings 
of text. This text describes the event or action, and the event 
source, or action destination. Entries in the State Table 
define the operation of the simulation and are executed 
directly by an interpreter or are compiled to generate a 
program of instructions for performing the simulation. 


37 Claims, 23 Drawing Sheets 


CONTROL PANEL 



r 500 1°00 1500 1 6S0 1 
O^J^c 1 — *S^2000 

\ ^TJANGER 
^ Speed Dial j 


cl N 500 
GearH 0O1OOO 
LOW Speed Knob 


STATE 


EVENT 


ACTION 


; NEXT STATE 


LOW 


FIRST TIME 


iGet FrameC "/CONTROL PANEL", 
\ 1 t FOR_EGROUND^RAME); ; 

; Initially ~ ^orivejbfarrvspe'e^ " ; 

i_KNOB speedknob ~ ~ "^ve^iali"/^ 

\wrfcV qear 'HUSH; ~ Y ~ ~ ~ * ~_ ~ ~ _ ^ j hIgh \ 


HIGH 


J I N m ALLY 

"SKNOBspVedVnob" 
] SWITCH gear r LOW' " 


:Drive c Diair\"spe«d_dlar,KNOB_VAL*2);J 


LOW 


6/12/2006, EAST Version: 2.0.3.0 


5,485,600 


23 


As demonstrated, the process of creating a State Table is 
relatively simple. Most of the required information in a State 
Table can be entered with mouse clicks. When the default 
parameters that are entered into the State Table are not 
correct, the entries can be easily changed. When necessary, 5 
the user can click twice on any field, and manually type in 
or edit the desired text. 

In summary, the prototype development system according 
to the invention provides a system and method for defining 
the responses and states of a simulated system using a series 10 
of context sensitive menus to generate state tables. The 
information from the state tables is used to generate program 
code used by the prototype development platform or a target 
platform to simulate a desired system. 

Although the present invention has been described and 15 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. For example, although the State Table Editor has 2 o 
been described in the context of a system for simulating a 
physical system, the invention is also applicable to other 
systems such as real-time control, artificial intelligence, and 
other data processing systems the operation of which can be 
defined by a state transition table. 25 

We claim: 

1. A system for developing and executing and specifying 
interactive visual applications wherein dynamic data are 
mapped into coherently animated virtual objects and opera- 
tor interaction facilities are provided to interact with the 30 
objects on the display, the system comprising: 

a central processing unit responsive to operator control 
signals for deriving address and control signals; 

a random access memory for providing instructions to 
said central processing unit in response to said address 35 
signals from said central processing unit; 

a non- volatile storage medium for supplying said instruc- 
tions to said random access memory in response to said 
control signals from said central processing unit; 

a graphics display device responsive to said control 
signals from said central processing unit for displaying 
the objects; and 

operator input means for supplying said operator control 
signals to said central processing unit, said operator 45 
control signals including positional and alphanumeric 
components, said operator input means including: 

(i) a locator/trigger device for supplying said positional 
signals to the central processing unit, and 

(ii) a data entry device for supplying said alphanumeric 50 
signals to said central processing unit; 

said instructions including at least one functional module 
for defining operations of said central processing unit 
and including: 

(i) an object editor module responsive to said operator 55 
control signals for deriving the virtual objects by 
relating a graphical appearance of said virtual objects 

to a behavior of said objects during execution by the 
system; 

(ii) an integration editor module responsive to said 60 
operator control signals for mapping ones of the 
virtual objects into names of variables, the contents 

of memory locations of said random access memory 
corresponding to said named variables, said named 
variables being used for redrawing the virtual objects 65 
on the graphics display to reflect changes in the 
contents of the memory locations associated with 


40 
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said named variables and said named variables fur- 
ther supplying graphic access to data in response to 
said positional signals from said locator/trigger 
device and to screen locations of said virtual objects, 
(iii) an execution facility for redrawing ones of said 
virtual objects in response to at least one of: (i) 
dynamic data stored in said random access memory 
and (ii) operator control signals, the execution facil- 
ity further being responsive to predetermined logic 


(a) said logic specification data specifying sets of events 
and corresponding reactions which should occur in 
response to the respective events, a respective origin of 
the event, a stale of the system wherein said state is a 
state in a finite state machine model of the system, 
wherein each of said events originating from at least 
one of (A) ones of said objects, (B) a system clock 
signal, (C) control signals from said central processing 
unit, (D) messages from other computer systems, or (E) 
changes in the contents of the named variables; 

(b) said logic specification data further specifying the next 
state that the system should transition to after an event 
is received; 

(c) said logic specification data further specifying the 
reactions that occur under control of the logic specifi- 
cation, ones of which affect ones of the objects dis- 
played on the display device; and 

a state table editor responsive to said operator control 
signals for defining said logic specification by speci- 
fying: 

(1) system states; 

(2) events to be recognized in respective ones of said 
states; 

(3) actions to be taken in response to respective ones of 
said events and states; and 

(4) next states to be entered in response to respective 
ones of said events and states. 

2. The system of claim 1 wherein said logic specification 
is generated responsive to selection of the virtual objects 
displayed on the graphics display to fill in a state table 
including said events and conditions to be recognized and 
corresponding actions to be taken. 

3. The system of claim 2 including means responsive to 
said operator control signals for entering state names of 
respective ones of said states into the state table. 

4. The system of claim 3 wherein said means for entering 
said state names includes a data entry device. 

5. The system of claim 3 wherein said means for entering 
said state names includes means for copying from one of 
said cells forming said state table to another of said cells 
forming said state table. 

6. The system of claim 1 including means for specifying 
events and respective sources of said events by clicking with 
the locator/trigger device on the visual representation of the 
virtual object generating respective ones of said events. 

7. The system of claim 6 including means responsive to 
said locator/trigger device for selectively inserting said logic 
specification data into said state tabic. 

8. The system of claim 1 further comprising means for 
specifying said actions by clicking with the locator/trigger 
device on visual representations of the virtual objects to 
which said actions apply. 

9. The system of claim 8 including means for selectively 
inserting ones of said actions into cells forming the state 
table. 

10. The system of claim 9 wherein said means for 
selectively inserting comprises said locator/trigger device. 
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11. The system of claim 1 including non- volatile memory 
means for storing said logic specification in an open ASCII 
format and a description of objects aggregates in an open 
ASCII format, whereby for each object such description 
includes details of the object class, object interface to a 5 
controlling variable and object graphical primitives, 
attributes and transformations. 

12. The system of claim 1 wherein said execution facility 
includes said logic specification and said execution facility 
is stored in said random access memory during a system 
execution mode of operation. 

13. The system of claim 1 wherein said logic specification 
and object description is postprocessed and stored in the 
modeled system, wherein the modeled system exhibits a 
behavior substantially the same as a behavior of said model 
system. 15 

14. The system of claim 13 wherein the logic specification 
and object description includes states and transition state- 
ments, each transition statement including: an event, an 
action list and a next state, each event including an event 
type and an event descriptor, an action list being a list of 20 
names of programs that are to be executed, and the next state 
being a name, 

the object description including, for any object, behav- 
ioral parameters, interface information and graphics 
information; the behavioral information being class 25 
dependent and capturing salient real-time behavior of 
the object class, the interface information identifying at 
least one variable through which the application inter- 
faces with the operator interface, the graphics informa- 
tion including (i) graphics primitives and coordinates 30 
thereof, (ii) graphics transformations such as scaling, 
rotation, and translation and (iii) graphics attributes 
applicable to any primitive, such as color, line style, 
texture and fonts. 

15. The system of claim 14 wherein at least some of the 
transition statements include a condition, the condition 35 
being any expression involving memory addresses. 

16. The system of claim 1 wherein said instructions 
further include: 

(i) an object editor module responsive to said operator ^ 
control signals for defining the virtual objects by relat- 
ing a graphical appearance of said virtual objects to a 
behavior of said objects during execution by the sys- 
tem; 

(ii) an integration editor module responsive to said opera- 45 
tor control signals for mapping ones of the virtual 
objects into names of variables, the contents of memory 
locations of said random access memory corresponding 

to said named variables, said named variables being 
used for redrawing the virtual objects on the graphics 50 
display to reflect changes in the contents of the memory 
locations associated with said named variables and said 
named variables further supplying graphic access to 
data in response to said positional signals from said 
locator/trigger device and to screen locations of said 55 
virtual objects, 

(iii) an execution facility for redrawing ones of said 
virtual objects in response to dynamic data stored in 
said random access memory and in response to operator 
control signals, the execution facility further responsive 60 
to predetermined logic specification data. 

17. The system of claim 1 including means for the 
operator interface to communicate with an application by 
transferring data between the operator interface and the 
application. 65 

18. The system of claim 1 wherein said logic specification 
data further specify predetermined conditions existing when 
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the events occurred, and the state table editor further speci- 
fies conditions to be recognized in respective ones of said 
system states specified by the state table editor. 

19. The system of claim 1 wherein the object editor 
module includes: 

I. at least one of: (A) a first arrangement for creating or 
modifying custom graphics including facilities for: (i) 
precisely drawing graphic primitives, such as lines, 
circles, polygons and texts; (ii) manipulating at least 
one of the color, texture, line style and font graphic 
attributes of said primitives; (iii) combining such primi- 
tives to form hierarchical constructions; and (iv) selec- 
tively applying graphic transformations, such as scal- 
ing, translating, rotating and combinations thereof, to 
the primitives or hierarchical constructions thereof; and 
(B) a second arrangement for building custom graphics 
with another tool and importing custom graphics into 
the object editor, and 

II. A third arrangement for mapping user defined graphics 
derived by at least one of the first and second arrange- 
ments into objects with execution time behaviors, the 
execution time behaviors being mapped to the user 
defined graphics by selecting these graphics through 
pointing and clicking with the graphics input device, 
and by filling in class specific information into a class 
specific form by pointing and clicking with the graphics 
input device on the displayed graphics and using an 
alphanumeric data entry device, resulting in an asso- 
ciation of the execution time behaviors to the imported 
graphics, the execution time behaviors including at 
least one of: 

a. displaying dynamic data of the application as a user 
designed bar chart, 

b. displaying a finite, but dynamically varying, number 
of any of the user designed visual objects with 
execution behaviors specified herein in a clipped 
viewing area, 

c. displaying and controlling a user defined cursor 
having an arbitrary graphical looks inside a clipped 
viewing area, 

d. displaying dynamic real-time application data in a 
rotational manner, by rotating user defined or the 
imported graphics around a user defined center of 
rotation, 

e. displaying as a graphics overlay user defined ani- 
mated graphics over the graphics produced by a user 
program, 

f. forming a correspondence between a set of user 
defined graphical representations and a finite set of 
natural numbers (1, 2, 3, . . . n), the natural numbers 
dynamically varying under application control and 
having only one representation of the set displayed at 
any given time based on the value of an index of the 
set, 

g. displaying dynamic real-time application data in a 
textual fashion as an ASCII string, using a font, 

h. displaying dynamic real-time application data as a 
user designed graph that is redrawn dynamically to 
illustrate the most recent data values, 

i. displaying dynamic real time application data as a set 
of user designed graphics translating along a straight 
line segment, 

j. forming mapping between a finite set of consecutive 
natural numbers and a rectangular collection of 
graphics and displaying the portion of the rectangu- 
lar collection of graphics that corresponds to a 
dynamically computed, current value in the set of 
numbers inside a rectangular region, 
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k. sending to the application a value selected dynami- 
cally from a finite set of values, while concurrently 
providing visual feedback by displaying one of a set 
of user designed graphics mapped to that value, 
where such value set is traversed in a fixed order, 5 

I. sending a user defined ASCII string to the applica- 
tion, the user defined ASCII string being statically 
associated with a user defined graphic appearing on 
the display, the user defined ASCII string being sent 
to the application in real-time whenever the user 
dynamically interfaces with the displayed graphics, 

m. defining and referencing a collection of graphics to 
be displayed or removed together under application 
control, 

n. sending to the application a character string gener- 
ated by typing on a real hardware keyboard or by 15 
inputting through a virtual keyboard comprised of 
user defined graphics appearing on the display, after 
validation and display of the generated character 
string using a font, said character string being sent in 
. real-time as the user manipulates the real or virtual 20 
keyboard, 

o. sending to the application ASCII data associated 
with user defined graphics appearing in a set of 
non-overlapping rectangular regions on the display, 
such that for every region, a distinct character or 25 
character string is sent, the ASCII data associated 
with user defined graphics being sent in real-lime as 
the user manipulates the user defined graphics, 

p. sending to the application a continuous input value 
varying in a finite, continuous real-number range, 30 
and concurrently providing real-time visual feed- 
back by rotating a set of user defined graphics around 
a user defined center of rotation, 

q. sending to the application an input signal including 
x,y coordinates derived by associating a user defined 35 
coordinate set with a user defined graphics region 
and selecting at execution time a point in the graph- 
ics region to thus map to the x,y coordinate set, 

r. sending to the application lists of ASCII strings 
contained in pop-up or pull-down menus, said menus 40 
including user designed graphics and a user designed 
look and feel while being manipulated, the strings in 
the menus being sent to the application in real-time 
by manipulating the graphics through the graphic 
input device, 45 

s. sending to the application a continuously varying 
input value from a finite continuous range while 
concurrently providing visual feedback by translat- 
ing user designed graphics along a straight line 
segment mapped to a value range, 50 

t. causing the application to display graphics primitives 
and alter graphical attributes thereof such as color, 
font, texture and transform them, such as by rotating, 
translating, scaling, making visible and invisible, 
based on real-time values of an application variable, 55 

u. sending to the application a value from a finite set of 
discrete values, and providing concurrent visual 
feedback by rotating an image on the display around 
a point at predefined angles, 

v. forming correspondence between a graphics object 60 
including simultaneously displayed user designed 
and first and second graphic objects, and sending to 
the application the identity of the second object when 
the user interfaces with graphics of the first object, 
such correspondence being of a temporal nature and 65 
existing only when the first and second objects are 
simultaneously displayed, 
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w. sending to the application a value from a finite set of 
discrete values and providing concurrent visual feed- 
back by displaying mutually exclusive user designed 
graphics on the display, the traversal order of the set 
being determined at execution time by the user, 

x. visually displaying and interacting with application 
data structured as a collection of nodes and connect- 
ing arcs (or links), each node and link being capable 
of being individually addressed and queried, and 
each node and link being visually displayed on the 
display as a network employing user designed graph- 
ics, 

the data sent to the application being generated in 
response to a human interaction with at least one of the 
objects or being supplied to at least one of the objects 
through a simulated event generation mechanism, the 
application data being sent from the application to 
objects built with the subject object editor for display, 

the application data being the contents of a finite set of 
named application variables of various types contained 
in computer memory accessed by the application pro- 
gram, the application data reflecting the latest results of 
computations and other data manipulations performed 
by the application program. 

20. The system of claim 19 wherein the imported graphics 
are graphics custom designed by the user. 

21. The system of claim 19 wherein the imported graphics 
arc derived from an external editing tool. 

22. The system of claim 19 wherein the fonts are designed 
by the user. 

23. The system of claim 19 wherein the fonts are scalable 
vector fonts. 

24. The system of claim 19 wherein the fonts are user 
designed raster fonts. 

25. The system of claim 19 wherein the fonts arc system- 
provided fonts. 

26. The system of claim 19 wherein a new correspon- 
dence occurs in response to the second object being replaced 
on the display by another object. 

27. The system of claim 19 further including an integra- 
tion editor facility for visually defining a run-time corre- 
spondence between an object and a named application 
variable such that a change in application data causes a 
redrawing of the corresponding graphics object in accor- 
dance with its behavioral class. 

28. The system of claim 27 wherein manipulation of the 
graphics object causes a change of the corresponding appli- 
cation data. 

29. The system of claim 19 wherein the execution time 
behaviors include building new, more complex objects 
through a combination of the above behaviors by making an 
object pan of another object. 

30. The system of claim 19 wherein the execution time 
behaviors include manipulating a collection of objects 
including multiple hierarchical objects as an entity rather 
than as individual objects. 

31. The system of claim 19 wherein the execution time 
behaviors include dynamically instancing any number of 
objects and altering the position thereof and number of 
instances displayed based on application data. 

32. The system of claim 19 wherein all of the execution 
time behaviors a-x are included, as are the execution time 
behaviors of claims 29-31. 

33. A system for enabling visual applications to be speci- 
fied, comprising: 

a central processing unit responsive to operator control 
signals for deriving address and control signals; 


6/12/2006, EAST Version: 2.0.3.0 


5,485,( 

29 

a random access memory for providing instructions to 
said central processing unit in response to said address 
signals from said central processing unit; 

a non- volatile storage medium for supplying said instruc- 
tions to said random access memory in response to said 5 
control signals from said central processing unit; 

a graphics display device responsive to said control 
signals from said central processing unit for displaying 
the objects; and 

operator input means for supplying said operator control 10 
signals to said central processing unit, said operator 
control signals including positional and alphanumeric 
components, said operator input means including: 

(i) a locator/trigger device for supplying said positional 
signals to the central processing unit, and *5 

(ii) a data entry device for supplying said alphanumeric 
signals to said central processing unit; 

said instructions including at least one functional module 
for defining operations of said central processing unit 
and including: 20 

an object editor module responsive to said operator con- 
trol signals for deriving virtual objects by relating a 
graphical appearance of said virtual objects to a behav- 
ior of said objects during execution by the system, ^ 

the object editor module being arranged so a user can 
import graphics; the object editor module assigning 
execution time behaviors (i) to said imported graphics 
or (ii) to user designed graphics; the object editor 
module having: 30 

a drawing capability for supporting creation of custom 
graphics providing the user with the capabilities of: (i) 
precisely drawing graphic primitives, such as lines, 
circles, rectangles, polygons and texts; (ii) manipulat- 
ing attributes of at least one of color, texture, line style 35 
and font; (iii) selectively applying graphic transforma- 
tions, such as scaling, translation, rotation and combi- 
nations thereof, to the primitives; and (iv) combining 
such primitives to form more complex constructions; 
the execution time behaviors being mapped to the 40 
imported graphics by (i) selecting graphics on the 
display through pointing and clicking with the graphics 
input device, and (ii) filling in class specific informa- 
tion by pointing and clicking with the graphics input 
device on the displayed graphics and using an alpha- 45 
numeric data entry device, resulting in an association of 
the execution time behaviors to the imported graphics, 
the execution time behaviors including at least one of: 

a. displaying dynamic data of the application as a user 
designed bar chart, 50 

b. displaying a finite, but dynamically varying, number 
of any of the user designed visual objects with 
execution behaviors specified herein in a clipped 
viewing area, 

c. displaying and controlling a user defined cursor 55 
having an arbitrary graphical looks inside a clipped 
viewing area, 

d. displaying dynamic real-time application data in a 
rotational manner, by rotating user defined or the 
imported graphics around a user defined center of 60 
rotation, 

e. displaying as a graphics overlay user defined ani- 
mated graphics over the graphics produced by a user 
program, 

f. forming a correspondence between a set of user 65 
defined graphical representations and a finite set of 
natural numbers (1, 2, 3, ... n), the natural numbers 
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dynamically varying under application control and 
having only one representation of the set displayed at 
any given time based on the value of an index of the 
set, 

g. displaying dynamic real-time application data in a 
textual fashion as an ASCII string, using a font, 

h. displaying dynamic real-time application data as a 
user designed graph that is redrawn dynamically to 
illustrate the most recent data values, 

i. displaying dynamic real time application data as a set 
of user designed graphics translating along a straight 
line segment, 

j. forming mapping between a finite set of consecutive 
natural numbers and a rectangular collection of 
graphics and displaying the portion of the rectangu- 
lar collection of graphics that corresponds to a 
dynamically computed, current value in the set of 
numbers inside a rectangular region, 

k. sending to the application a value selected dynami- 
cally from a finite set of values, while concurrently 
providing visual feedback by displaying one of a set 
of user designed graphics mapped to that value, 
where such value set is traversed in a fixed order, 

1. sending a user defined ASCII string to the applica- 
tion, the user defined ASCII string being statically 
associated with a user defined graphic appearing on 
the display, the user defined ASCII string being sent 
to the application in real-time whenever the user 
dynamically interfaces with the displayed graphics, 

m. defining and referencing a collection of graphics to 
be displayed or removed together under application 
control, 

n. sending to the application a character string gener- 
ated by typing on a real hardware keyboard or by 
inputting through a virtual keyboard comprised of 
user defined graphics appearing on the display, after 
validation and display of the generated character 
string using a font, said character string being sent in 
real-time as the user manipulates the real or virtual 
keyboard, 

o. sending to the application ASCII data associated 
with user defined graphics appearing in a set of 
non-overlapping rectangular regions on the display, 
such that for every region, a distinct character or 
character string is sent, the ASCII data associated 
with user defined graphics being sent in real-time as 
the user manipulates the user defined graphics, 

p. sending to the application a continuous input value 
varying in a finite, continuous real-number range, 
and concurrently providing real-time visual feed- 
back by rotating a set of user defined graphics around 
a user defined center of rotation, 

q. sending to the application an input signal including 
x,y coordinates derived by associating a user defined 
coordinate set with a user defined graphics region 
and selecting at execution time a point in the graph- 
ics region to thus map to the x,y coordinate set, 

r. sending to the application lists of ASCII strings 
contained in pop-up or pull-down menus, said menus 
including user designed graphics and a user designed 
look and feel while being manipulated, the strings in 
the menus being sent to the application in real-time 
by manipulating the graphics through the graphic 
input device, 

s. sending to the application a continuously varying 
input value from a finite continuous range while 
concurrently providing visual feedback by translat- 
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ing user designed graphics along a straight line 
segment mapped to a value range, 
t. causing the application to display graphics primitives 
and alter graphical attributes thereof such as color, 
font, texture and transform them, such as by rotating, 5 
translating, scaling, making visible and invisible, 
based on real-time values of an application variable, 
u. sending to the application a value from a finite set of 
discrete values, and providing concurrent visual 
feedback by rotating an image on the display around 1Q 
a point at predefined angles, 
v. forming correspondence between a graphics object 
including simultaneously displayed user designed 
and first and second graphic objects, and sending to 
the application the identity of the second object when 
the user interfaces with graphics of the first object, 15 
such correspondence being of a temporal nature and 
existing only when the first and second objects are 
simultaneously displayed, 
w. sending to the application a value from a finite set of 
discrete values and providing concurrent visual feed- 20 
back by displaying mutually exclusive user designed 
graphics on the display, the traversal order of the set 
being determined at execution time by the user, 
x. visually displaying and interacting with application 
data structured as a collection of nodes and connect- 25 
ing arcs (or links), each node and link being capable 
of being individually addressed and queried, and 
each node and link being visually displayed on the 
display as a network employing user designed graph- 
ics, 30 
the data sent to the application means being generated in 
response to a human interaction or a simulated event 
generation mechanism responding to a graphical opera- 
tor interface built with said modeling system, the 35 
application data that is displayed being sent from the 
application to the graphical operator interface built with 
the subject modelling system, 
the application data being a finite set of named application 
variables of various types contained in computer 4 o 
memory accessed by the application program, the 
application data reflecting the latest results of compu- 
tations and other data manipulations performed by the 
application program. 

34. The system of claim 33 wherein all of the execution 45 
time behaviors a-x are included, as are the following execu- 
tion time behaviors: 

building new, more complex objects through a combina- 
tion of the above behaviors by making an object part of 
another object; 50 

manipulating a collection of objects including multiple 
hierarchical objects as an entity rather than as indi- 
vidual objects; and 

dynamically initiating any number of objects and altering 
the position thereof and number of instances displayed 55 
based on application data. 

35. A modeling, simulation, specification and source code 
generation system for at least one graphical, data driven 
operator interface, comprising: 

a graphics input device responsive to user inputs for 

deriving a positional signal; 
a processor unit including: 

an object editor module responsive to said operator con- 
trol signals for deriving virtual objects by relating a 65 
graphical appearance of said virtual objects to a behav- 
ior of said objects during execution by the system, the 
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object editor module being arranged so a user can 
import graphics, the object editor module assigning 
execution time behaviors (i) to said imported graphics 
or (ii) to user designed graphics, the object editor 
module having: 

I. at least one of: (A) a first arrangement for creating 
and modifying custom graphics including facilities 
for: (i) precisely drawing graphic primitives, such as 
lines, circles, polygons and texts; (ii) manipulating at 
least one of the color, texture, line style, and font 
graphic attributes of said primitives; (iii) combining 
such primitives to form hierarchical constructions; 
and (iv) selectively applying graphic transforma- 
tions, such as scaling, translating, rotating and com- 
binations thereof, to the primitives or hierarchical 
constructions thereof and; (B) a second arrangement 
for building custom graphics with another tool and 
importing custom graphics into the object editor; and 

(11) a third arrangement for mapping user defined 
graphics derived by at least one of the first and 
second arrangements into objects with execution 
time behaviors, the execution time behaviors being 
mapped to the user defined graphics by selecting 
these graphics through pointing and clicking with the 
graphics input device, and by filling in class specific 
information into a class specific form by pointing 
and clicking with the graphics input device on the 
displayed graphics and using an alphanumeric data 
entry device, resulting in an association of the execu- 
tion time behaviors to the imported graphics, the 
execution time behaviors including at least one of: 

a. displaying dynamic data of the application as a user 
designed bar chart, 

b. displaying a finite, but dynamically varying, number of 
any of the user designed visual objects with execution 
behaviors specified herein in a clipped viewing area, 

c. displaying and controlling a user defined cursor having 
an arbitrary graphical took inside a clipped viewing 
area, 

d. displaying dynamic real-time application data in a 
rotational manner, by rotating user defined or the 
imported graphics around a user defined center of 
rotation, 

c. displaying as a graphics overlay user defined animated 
graphics over the graphics produced by a user program, 

f. forming a correspondence between a set of user defined 
graphical representations and a finite set of natural 
numbers (1 , 2, 3, ; . . n), the natural numbers dynami- 
cally varying under application control and having only 
one representation of the set displayed at any given 
time based on the value of an index of the set, 

g. displaying dynamic real-time application data in a 
textual fashion as an ASCII string, using a font, 

h. displaying dynamic real-time application data as a user 
designed graph that is redrawn dynamically to illustrate 
the most recent data values, 

i. displaying dynamic real time application data as a set of 
user designed graphics translating along a straight line 
segment, 

j. forming mapping between a finite set of consecutive 
natural numbers and a rectangular collection of graph- 
ics and displaying the portion of the rectangular col- 
lection of graphics that corresponds to a dynamically 
computed, current value in the set of numbers inside a 
rectangular region, 


6/12/2006, EAST Version: 2.0.3.0 


5,485,600 


33 


34 


k. sending to the application a value selected dynamically 
from a finite set of values, while concurrently providing 
visual feedback by displaying one of a set of user 
designed graphics mapped to that value, where such 
value set is traversed in a fixed order, 5 

1. sending a user defined ASCII string to the application, 
the user defined ASCII string being statically associated 
with a user defined graphic appearing on the display, 
the user defined ASCII string being sent to the appli- 
cation in real-time whenever the user dynamically 10 
interfaces with the displayed graphics, 

m. defining and referencing a collection of graphics to be 
displayed or removed together under application con- 
trol, 

n. sending to the application a character string generated 15 
by typing on a real hardware keyboard or by inputting 
through a virtual keyboard comprised of user defined 
graphics appearing on the display, after validation and 
display of the generated character string using a font, 
said character string being sent in real-time as the user 20 
manipulates the real or virtual keyboard, 

o. sending to the application ASCII data associated with 
user defined graphics appearing in a set of non-over- 
lapping rectangular regions on the display, such that for ^ 
every region, a distinct character or character string is 
sent, the ASCII data associated with user defined 
graphics being sent in real-time as the user manipulates 
the user defined graphics, 

p. sending to the application a continuous input value 30 
varying in a finite, continuous real-number range, and 
concurrently providing real-time visual feed-back by 
rotating a set of user defined graphics around a user 
defined center of rotation, 

q. sending to the application an input signal including x,y 35 
coordinates derived by associating a user defined coor- 
dinate set with a user defined graphics region and 
selecting at execution time a point in the graphics 
region to thus map to the x,y coordinate set, 

r. sending to the application lists of ASCII strings con- 40 
tained in pop-up or pull-down menus, said menus 
including user designed graphics and a user designed 
look and feel while being manipulated, the strings in 
the menus being sent to the application in real-time by 
manipulating the graphics through the graphic input 45 
device, 

s. sending to the application a continuously varying input 
value from a finite continuous range while concurrently 
providing visual feedback by translating user designed 
graphics along a straight line segment mapped to a 50 
value range, 

t. causing the application to display graphics primitives 
and alter graphical attributes thereof such as color, font, 
texture and transform them, such as by rotating, trans- 55 
lating, scaling, making visible and invisible, based on 
real-time values of an application variable, 

u. sending to the application a value from a finite set of 
discrete values, and providing concurrent visual feed- 
back by rotating an image on the display around a point $q 
at predefined angles, 

v. forming correspondence between a graphics object 
including simultaneously displayed user designed and 
first and second graphic objects, and sending to the 
application the identity of the second object when the 65 
user interfaces with graphics of the first object, such 
correspondence being of a temporal nature and existing 


only when the first and second objects are simulta- 
neously displayed, 

w. sending to the application a value from a finite set of 
discrete values and providing concurrent visual feed- 
back by displaying mutually exclusive user designed 
graphics on the display, the traversal order of the set 
being determined at execution time by the user, 

x. visually displaying and interacting with application 
data structured as a collection of nodes and connecting 
arcs (or links), each node and link being capable of 
being individually addressed and queried, and each 
node and link being visually displayed on the display as 
a network employing user designed graphics; 

the data sent to the application being generated in 
response to a human interaction with at least one of the 
objects or being supplied to at least one of the objects 
through a simulated event generation mechanism, the 
application data being sent from the application to 
objects built with the subject object editor for display, 

the application data being the contents of a finite set of 
named application variables of various types contained 
in computer memory accessed by the application pro- 
gram, the application data reflecting the latest results of 
computations and other data manipulations performed 
by the application program; 

the processor unit further including: a code generation 
module for (i) processing object description informa- 
tion including behavioral parameters, interface infor- 
mation and graphics information; the behavioral infor- 
mation being class dependent and capturing the salient 
real-time behavior of the object class and (ii) generat- 
ing graphics source code, which after suitable post- 
processing, in the form of assembly or compilation, 
link-editing or interpretation, causes an image similar 
to the one appearing on the model system to appear on 
the model(ed) system, where the two images have 
similar animation behaviors when subjected to similar 
data. 

36. The system of claim 35 wherein the code generating 
module responds to object description information including 
behavioral parameters, interface information and graphics 
information to generate graphics source code in any lan- 
guage which can be described formally through a grammar, 
the behavioral information being class dependent and cap- 
turing the salient real-time behavior of the object class, the 
interface information identifying a variable through which 
the application interfaces with the operator interface, the 
graphics information including (i) graphics primitives and 
coordinates thereof, and (ii) graphics transformations such 
as scaling rotating, translating, and (iii) graphics attributes 
applicable to any primitive, such as color, line style, texture 
and fonts. 

37. A modeling, simulation, specification and source code 
generation system for at least one graphical data driven, 
interactive operator interface capable of executing similarly 
on a model system and on a modeled system, comprising: 

a graphic input device responsive to user inputs for 

deriving a positional signal; 
a processor unit including: 

(1) an input module; 

(2) an object editor module responsive to said operator 
control signals for deriving virtual objects by relating 
a graphical appearance of said virtual objects to a 
behavior of said objects during execution by the 
system, the object editor module being arranged so a 
user can import graphics, the object editor module 
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assigning execution time behaviors (i) to said 
imported graphics or (ii) to a user designed graphics, 
the object editor module having: 
I. at least one of: (A) a first arrangement for creating and 
modifying custom graphics including facilities for: (i) s 
precisely drawing graphic primitives, such as lines, 
circles, polygons and texts; (ii) manipulating of at least 
one of the color, texture, line style, font and texture 
graphic attributes of said primitives; (iii) combining 
such primitives to form hierarchical constructions; and J0 
(iv) selectively applying graphic transformations, such 
as scaling, translating, rotating and combinations 
thereof, to the primitives or hierarchical constructions 
thereof; and (B) a second arrangement for building 
custom design graphics with another tool and import- 15 
ing custom design graphics into the object editor; and 
(II) a third arrangement for mapping user defined graphics 
derived by one of (i)-0v) into objects with execution 
time behaviors being mapped to the user defined graph- 
ics by selecting these graphics through pointing and 20 
clicking with the graphics input device, and by filling 
in class specific information by pointing and clicking 
with the graphics input device on the displayed graph- 
ics and using an alphanumeric data entry device, result- 
ing in an association of the execution time behaviors to 25 
the imported graphics, the execution time behaviors 
including at least one of: 

a. displaying dynamic data of the application as a user 
designed bar chart, 

b. displaying a finite, but dynamically varying, number 30 
of any of the user designed visual objects with 
execution behaviors specified herein in a clipped 
viewing area, 

c. displaying and controlling a user defined cursor 
having an arbitrary graphical look inside a clipped 35 
viewing area, 

d. displaying dynamic real-time application data in a 
rotational manner, by rotating user defined or the 
imported graphics around a user defined center of 
rotation, 40 

c. displaying as a graphics overlay user defined ani- 
mated graphics over the graphics produced by a user 
program, 

f. forming a correspondence between a set of user 
defined graphical representations and a finite set of 45 
natural numbers (1, 2, 3, ... n), the natural numbers 
dynamically varying under application control and 
having only one representation of the set displayed at 
any given time based on the value of an index of the 
set, 50 

g. displaying dynamic real-time application data in a 
textual fashion as an ASCII string, using a font, 

h. displaying dynamic real-time application data as a 
user designed graph that is redrawn dynamically to 
illustrate the most recent data values, 55 

i. displaying dynamic real time application data as a set 
of user designed graphics translating along a straight 
line segment, 

j. forming mapping between a finite set of consecutive 
natural numbers and a rectangular collection of 60 
graphics and displaying the portion of the rectangu- 
lar collection of graphics that corresponds to a 
dynamically computed, current value in the set of 
numbers inside a rectangular region, 

k. sending to the application a value selected dynami- 65 
cally from a finite set of values, while concurrently 
providing visual feedback by displaying one of a set 
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of user designed graphics mapped to that value, 
where such value set is traversed in a fixed order, 

1. sending a user defined ASCII string to the applica- 
tion, the user defined ASCII string being statically 
associated with a user defined graphic appearing on 
the display, the user defined ASCII string being sent 
to the application in real-lime whenever the user 
dynamically interfaces with the displayed graphics, 

m. defining and referencing a collection of graphics to 
be displayed or removed together under application 
control, 

n. sending to the application a character string gener- 
ated by typing on a real hardware keyboard or by 
inputting through a virtual keyboard comprised of 
user defined graphics appearing on the display, after 
validation and display of the generated character 
suing using a font, said character string being sent in 
real-time as the user manipulates the real or virtual 
keyboard, 

0. sending to the application ASCII data associated 
with user defined graphics appearing in a set of 
non-overlapping rectangular regions on the display, 
such that for every region, a distinct character or 
character string is sent, the ASCII data associated 
with user defined graphics being sent in real-time as 
the user manipulates the user defined graphics, 

p. sending to the application a continuous input value 
varying in a finite, continuous real-number range, 
and concurrently providing real-time visual feed- 
back by rotating a set of user defined graphics around 
a user defined center of rotation, 

q. sending to the application an input signal including 
x,y coordinates derived by associating a user defined 
coordinate set with a user defined graphics region 
and selecting at execution time a point in the graph- 
ics region to thus map to the x,y coordinate set, 

r. sending to the application lists of ASCII strings 
contained in pop-up or pull-down menus, said menus 
including user designed graphics and a user designed 
look and feel while being manipulated, the strings in 
the menus being sent to the application in real-time 
by manipulating the graphics through the graphic 
input device, 

s. sending to the application a continuously varying 
input value from a finite continuous range while 
concurrently providing visual feedback by translat- 
ing user designed graphics along a straight line 
segment mapped to a value range, 

t. causing the application to display graphics primitives 
and alter graphical attributes thereof such as color, 
font, texture and transform them, such as by rotating, 
translating, scaling, making visible and invisible, 
based on real-time values of an application variable, 

u. sending to the application a value from a finite set of 
discrete values, and providing concurrent visual 
feedback by rotating an image on the display around 
a point at predefined angles, 

v, forming correspondence between a graphics object 
including simultaneously displayed user designed 
and first and second graphic objects, and sending to 
the application the identity of the second object when 
the user interfaces with graphics of the first object, 
such correspondence being of a temporal nature and 
existing only when the first and second objects are 
simultaneously displayed, 

w. sending to the application a value from a finite set of 
discrete values and providing concurrent visual feed- 
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back by displaying mutually exclusive user designed 
graphics on the display, the traversal order of the set 
being determined at execution time by the user, 
x. visually displaying and interacting with application 
data structured as a collection of nodes and connect- 5 
ing arcs (or links), each node and link being capable 
of being individually addressed and queried, and 
each node and link being visually displayed on the 
display as a network employing user designed graph- 
ics; 10 
the data sent to the application being generated in 
response to a human interaction with at least one of the 
objects or being supplied to at least one of the objects 
through a simulated event generation mechanism, the 
application data being sent from the application to 15 
objects built with the subject object editor for display, 
the application data being the contents of a finite set of 
named application variables of various types contained 
in computer memory accessed by the application pro- 
gram, the application data reflecting the latest results of 20 
computations and other data manipulations performed 
by the application program; 

(3) a state table editor responsive to operator control 
signals for defining a logic specification by specify- 
ing: 25 

(a) system states; 

(b) events to be recognized in respective ones of said 
states; 

(c) actions to be taken in response to respective ones of 
said events and states; and 
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(d) next states to be entered in response to respective 
ones of said events and states; and 

(4) a code generation module for generating (a) por- 
table graphics code from an object description 
including behavioral parameters, interface informa- 
tion and graphics information; the behavioral infor- 
mation being class dependent and capturing salient 
real-time behavior of the object class, the interface 
information identifying a variable through which the 
application interfaces with the operator interface, the 
graphics information including graphics primitives 
and coordinates thereof, graphics transformations 
such as scaling, rotating, translating and graphics 
attributes applicable to any primitive, such as color, 
line style, texture and fonts, and (b) logic control 
code from a logic specification including states and 
transition statements, each transition statement 
including: an event, an action list and a next state; 
each event including an event type and an event 
descriptor, a condition being any expression involv- 
ing memory addresses, an action list being a list of 
names of programs that are to be executed, and the 
next state being a name; which code, after suitable 
post-processing causes images with similar appear- 
ances, animation behaviors, and interactive behav- 
iors to appear on the model(ed) system. 

***** 
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[57] ABSTRACT 

The present invention provides a method and apparatus for 
computer graphics system users or other functions in a 
graphical display system, to trade off ob ject image rendering 
speed for object image texture quality. Tbis trade-off is 
accomplished by providing control signals to the adaptive 
texture mapping controller which indicate the level of tex- 
ture quality that the user or other function desires. Upon 
recognizing these control signals, the adaptive texture map- 
ping controller selects a compulation method to be used in 
generating pixel values necessary to provide the desired 
level of image texture quality. An appropriate method is 
determined for calculating the end points of span sections of 
scan lines to be used for the display, based upon a function 
of the knot parameters which correspond to the vertices 
which describe each edge of a polygon section of the 
projected object and one or more of the control signals 
provided, and then an appropriate interpolation method is 
determined for calculating the pixel values for pixels on 
each span chosen. The selected interpolation method is 
based on a function of the span end points and one or more 
of the control signals provided. These functions of the 
distance between knot parameters on a polygon edge or the 
distance between end points of a span can be mathematical 
functions of pairs of knot parameters or pairs of end points 
respectively. 
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ctcrs of every internal point (every pixel) on the span arc set 
to the average of the span end point parameters 324. In the 
preferred embodiment, the "average' 1 is the arithmetic mean. 
If "6 0 ^MAX {dist^J 326 then the parameters of 
every internal point (every pixel) on the span are set to a 
linear combination of the span end point values 328. In the 
preferred embodiment, the "linear combination of the span 
end point values" is calculated as follows: 

T(i)»T(i- l)+a * DELTA, 

i=0, 1 n-1; 

where 

1(0) — is a span's start point parameters; 

T(n-1) — is a span's end point parameters; 

T(i) — is the parameter of the ith-internal point of the span; 

a — is a constant coefficient is equal 1/n; 

n — is the number of the points in the span; 

DELTA — is equal to T(n-1)-T(0). 

If "MAX {dist jr/ ^ rt }>6 1 " 330 then the parameters of every 
internal point (every pixel) on the span are computed using 
the best parameter algorithm available 332. In this case, the 
"best parameter algorithm available" is as follows: 

T(i)«NUM(i)/DENOM (i), 

NUM(i)=NUM(i-l)+a*DELTA_NUM, 

DENOM(i)=DENOM(i-l)+a*DELTA„DENOM, 

i=0, 1, . . . , n-1; 
where 

T(0) — is a span's start point parameter, 

T(n-1) — is a span's end point parameter, 

T(i) — is the parameter of the ith-inlernal point of the 

current span; 
a — is a constant coefficient is equal 1/n; 
n — is an number of the points in the current span; 
NUM(i) — is a numerator of the ith-inlernal point of the 

current span; 
NUM(O)— is equal T(0)/W(0); 

DENOM(i) — is a denominator of the i-intemal point of 
the current span; 

DENOM(O) — is equal T(0)/W(0); 

DELTA_NUM — is equal T(n-1)/W(n- 1)-T(0)/W(0); 

DELTA_JDENOM — is equal 1/W(n-1)-I/W(0). 

'lliose skilled in these arts will realize that currently, most 
hardware algorithms use a linear interpolation along each 
primitive edge to find the parameters for the first and last 
points of each span. This would correlate to control signal 
values in the described example of the present invention of 
5 0 =0, and ^=00. To achieve the highest quality (but slowest 
performance), control signal values of ^ 0 »5j«0, and 
60=0^=0 would be chosen. Intermediate values for the 
epsilon and delta control signals will dynamically modify 
the texture quality/rendering performance scenario, while 
giving the user more control of the texturing process than 
previously available in hard coded algorithms. It will be 
recognized that extensions of this model could include 
multi-knot parameter computations, such as higher order 
polynomials and non-linear interpolation. 

While the invention has been described in conjunction 
with a preferred embodiment, it is evident that numerous 
alternatives, modifications and variations and uses will be 
evident to those skilled in the art in light of the foregoing 
description. 

What is claimed is: 

1. In a computer graphics system for generating and 
displaying images of objects on a display device, the images 


20 


including pixels having pixel values, the images being 
defined by signals representative of the pixel values, the 
system including elements for processing the signals to 
modify the images displayed on the display device 
5 including, interpolation elements for generating pixel values 
representative of bitmap image values, which are represen- 
tative of texture of a given object, the improvement com- 
prising an adaptive texture mapping controller which com- 
prises: 

10 a first mechanism configured to recognize a control signal 
representing a desired quality of texture for an image of 
an object, said desired quality of texture ranging from 
a minimum to a maximum amount of texture provided 
by said graphics system, said control signal including a 
15 plurality of image control values that arc selectable by 
a user, said plurality of image control values being 
useful in selecting a desired object image rendering 
speed and image texture quality; 
one or more linear and one or more non-linear interpo- 
lation mechanisms coupled to said first mechanism for 
selecting pixels; 
a plurality of computation mechanisms couples to said 
first mechanism for computing values representing 
2 _ image parameters for the selected pixels; 

a plurality of hierarchical levels of image parameter 
computation in which each said hierarchical level 
requires values representing image parameters to be 
calculated with a particular interpolation mechanism; 

30 and 

a computation method selection device, coupled to said 
first mechanism and using said control signal for select- 
ing one of said interpolation mechanisms and one of 
said plurality of computation mechanisms to be used in 

35 generating pixel values necessary to provide said 
desired quality of texture, said computation method 
selection device including logic mechanisms that use 
selected ones of said plurality of image control values 
for selecting one of said interpolation mechanisms for 

40 calculating first hierarchical level values representing 
image parameters for a first hierarchical level of image 
parameter computation, said computation method 
selection device also including logic mechanisms that 
use selected ones of said plurality of image control 

45 values for selecting one of said interpolation mecha- 
nisms for calculating second hierarchical level values 
representing image parameters for a second hierarchi- 
cal level of image parameter computation based upon 
said first hierarchical level values, 

50 whereby a user can trade-off object image rendering speed 
for object image texture quality by providing said 
control signal to the adaptive texture mapping control- 
ler. 

2. The adaptive texture mapping controller of claim 1 
55 wherein the logic mechanisms for selecting one of said 

interpolation mechanism for calculating first hierarchical 
level values representing image parameters for a first hier- 
archical level of image parameter computation further 
comprises, 

60 a logic mechanism for selecting a computation mecha- 
nism for calculating values representing image param- 
eters for end points of a span of a scan line. 

3. The adaptive texture mapping controller of claim 2 
wherein said logic mechanism for selecting a computation 

65 mechanism for calculating values representing image 
parameters for end points of a span of a scan line, bases said 
selection of a computation mechanism upon a relation 
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between a maximum distance between knot parameters and 
said control signal. 

4. The adaptive texture mapping controller of claim 3 
wherein said maximum distance between knot parameters 
can be a mathematical function of values representing image 
parameters of said knots. 

5. The adaptive texture mapping controller of claim 1 
wherein the logic mechanisms for selecting one of said 
interpolation mechanism for calculating second hierarchical 
level values representing image parameters for a second 
hierarchical level of image parameter computation further 
comprises, 

a logic mechanism for selecting a compulation mecha- 
nism for calculating values representing image param- 
eters for selected pixels on a span of a scan line. 

6. The adaptive texture mapping controller of claim 5 
wherein the logic mechanisms for selecting a computation 
mechanism for calculating values representing image 
parameters for selected pixels on a span of a scan line, bases 
said selection of a compulation mechanism upon a relation 
between a maximum distance between end points of said 
span and said control signal. 

7. The adaptive texture mapping manager of claim 6 
wherein said maximum distance between end points of said 
span can be a mathematical function of values representing 
image parameters of said end points. 

8. In a computer graphics system for generating and 
displaying images of objects on a display device, the images 
including pixels having pixel values, the images being 
defined by signals representative of the pixel values, the 
system including elements for processing the signals to 
modify the images displayed on the display device 
including, interpolation elements for generating pixel values 
representative of bitmap image values, which arc represen- 
tative of texture of a given object, and a plurality of 
hierarchical levels in which each said hierarchical level 
requires values representing image parameters to be calcu- 
lated with a particular interpolation mechanism, a method 
for variable control of texture quality for display on a given 
graphics object, said method comprising the steps of: 

providing an adaptive texture mapping controller; 

providing one or more linear and one or more non-linear 
interpolation methods coupled to said adaptive texture 
mapping controller for computing values representing 
image parameters; recognizing by said adaptive lexlure 
mapping controller, a control signal representing a 
desired quality of texture for an image of an object, said 
desired quality of texture ranging from minimum tex- 
ture to a maximum amount of texture provided by said 
graphics system, said control signal includes a plurality 
of image control values selectable by a user in order to 
select a desired object image rendering speed and 
image texture quality; 

using selected ones of said plurality of image control 
values included in said control signal for selecting one 
of said interpolation methods to be used in generating 
pixel values necessary to provide said desired quality of 
texture, said selected interpolation method calculates 
values representing first hierarchical level parameter 
values for a first hierarchical level of image parameter 
compulation: and 

using selected ones of said plurality of image control 
values included in said control signal for selecting one 
of said interpolation methods to be used in generating 
pixel values necessary' to provide said desired quality of 
texture, said selected interpolation method calculates 
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values representing second hierarchical level parameter 
values for a second hierarchical level of image param- 
eter computation based upon said first hierarchical level 
parameter values, 
5 whereby a user can trade-off object image rendering speed 
for object image texture quality by providing said 
control signal to the adaptive texture mapping control- 
ler. 

9. The method of claim 8 wherein the step of selecting one 
10 of said interpolation method for calculating values repre- 
senting first hierarchical level parameter values for said first 
hierarchical level of image parameter computation further 
comprises a step of selecting an interpolation method for 
calculating values representing parameter values for end 
points of a span of a scan line. 

10. The method of claim 9 wherein the step of selecting 
an interpolation method for calculating values representing 
image parameters for end points of a span of a scan line, 
bases said selection of an interpolation method upon a 

2Q relation between a maximum distance between knot param- 
eters and said control signal. 

11. The method of claim 10 wherein said maximum 
distance between values representing knot parameters can be 
a mathematical function of said values representing knot 

2 _ parameters. 

3 12. The method of claim 11 wherein the step of selecting 
one of said interpolation method for calculating values 
representing second hierarchical level parameter values for 
a second hierarchical level of image parameter computation 
3Q further comprises a step of selecting one of said interpola- 
tion method for calculating values representing parameter 
values for selected pixels on a span of a scan line. 

13. The method of claim 12 wherein the step of selecting 
an interpolation method for calculating values representing 

35 parameter values for selected pixels on a span of a scan line, 
bases a selection of an interpolation method upon a relation 
between a maximum distance between end points of said 
span and said control signal. 

14. The method of claim 13 wherein said maximum 
4Q distance between end points of said span can be a math- 
ematical function of values representing image parameters 
of said end points. 

15. A computer program product embodied on a computer 
usable medium for controlling speed and quality of texture 

4 _ mapping rendered by a computer graphics syslem for gen- 
erating and displaying images of objects on a display device, 
the images including pixels having pixel values, the images 
being defined by signals representative of the pixel values, 
the system including elements for processing the signals to 
50 modify the images displayed on the display device 
including, interpolation elements for generating pixel values 
representative of bitmap image values, which are represen- 
tative of texture of a given object, said computer program 
product comprising: 
55 an adaptive texture mapping controller, 

one or more linear and one or more non-linear interpo- 
lation mechanisms coupled to said adaptive texture 
mapping controller for selecting pixels; 
a plurality of compulation mechanisms coupled to said 
6n adaptive texture mapping controller for computing val- 
ues representing image parameters for selected pixels; 
a plurality of hierarchical levels in which each said 
hierarchical level requires values representing image 
parameters to be calculated with a particular interpo- 
65 lation mechanism; 

a first mechanism configured to permit said adaptive 
texture mapping controller to recognize a control signal 
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representing a desired quality of texture which is to be mechanism for calculating values representing parameter 

mapped to an object image, said desired quality of values for end points of a span of a scan line. 

texture ranging from minimum to a maximum amount 17. The computer program product of claim 16 wherein 

of texture provided by said graphics system, said con- the fourth mechanism configured to select an interpolation 

trol signal includes a plurality of image control values 5 mechanism for calculating values representing parameter 

selectable by a user, said plurality of image control valucs for cnd poiots of a spaD of a ^ Iinc> 5ascs a 

values being useful in selecting a desired object image sclection of an inler polation mechanisms upon a relation 

rendering speed and image texture quality, said first belween , maximum distance between values representing 

mechanism includes a third mechanism configured to ^ ters and said conlrol si { 

permit the selection of an interpolation mechanism for 10 1U „ , , . e , . , 

* . . . a . .. i ■ iii i I*- The computer program product of claim 17 wherein 

calculating first hierarchical level valucs representing sai(] maximum distance belwe £ n knQl meters can be a 

parame er values for a first hierarchical level of image malhemalical function of said value ^ represen(ing ^ 

parameter computation; and parameters. 

a second mechanism configured to permit said adaptive 19. The computer program product of claim 15 wherein 

texture mapping controller to use said control signal for 15 sa i d fifth mechanism configured to select an interpolation 

selecting one of said interpolation mechanisms and one mechanism for calculating values representing second hier- 

of said plurality of computation mechanisms to be used archical level parameter values for a second hierarchical 

in generating pixel values necessary to provide said i eve i 0 f j mage parameter computation further comprises a 

desired quality of texhire, said second mechanism sixlh mechanism configured to select an interpolation 

includes a fifth mechanism configured to select an 20 m cchanism for calculating valucs representing parameter 

interpolation mechanism for calculating second hierar- values for selected pixels on a span of a scan line. 

chical level values representing parameter values for a 2 0. The computer program product of claim 19 wherein 

second hierarchical level of image parameter compu- sa j d s j xlh mechanism configured to select an interpolation 

tation based upon said first hierarchical level valucs, mechanism for calculating valucs representing parameter 

whereby a user can trade-off object image rendering speed 2:> values for selected pixels on a span of a scan line, bases a 

for object image texture quality by providing said selection of an interpolation mechanism upon a relation 

control signal to the adaptive texture mapping control- between a maximum distance between values representing 

ler. end points of said span and said control signal. 

16. The computer program product of claim 15 wherein 21. The computer program product of claim 20 wherein 

the third mechanism configured to permit the selection of an 30 said maximum distance between valucs representing end 

interpolation mechanism for calculating values representing points of said span can be a mathematical function of values 

first hierarchical level parameter values for a first hierarchi- representing parameters of said end points. 

cal level of image parameter computation further comprises 

a fourth mechanism configured to select an interpolation * * * * * 
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[57] 


ABSTRACT 


Method and means are provided for simulating a contiguous 
data space within a computer memory, and for placing and 
accessing data objects of various sizes within the simulated 
contiguous data space. Multiple, sub-data spaces are con- 
catenated in such a way that each page and each sub-data 
space in the contiguous data space are uniquely identified. 
Data objects are placed in the contiguous data space and at 
the first reference to a page of the data object, only the 
segment containing the referenced page in the contiguous 
data space is mapped to the database storage disk. Once a 
data space page is mapped, the operating system can read the 
page into memory without requesting a disk operation from 
the database manager. On modifying a page, if the database 
disk page location is changed, the contiguous data space 
page is remapped without changing the page address in the 
data space. Also, modified data pages arc rewritten to the 
database storage disk in an ongoing manner set by the user, 
instead of at intervals set by the operating system. 


4 Claims, 16 Drawing Sheets 
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If Data_spacc_poi3icr(Daia_spacc_cuinbcr) - 0 (this data 
space does not already exist) then 


do; 

Create the data space 

Set Data_space_pointtr<Data_space_.number) to the 

sub-data space pointer value used to 

address that data space. 
Allocate the segment valid bit map for that data 

space and initialize it to off. 
Allocate the section_is_modified bit map for that 

data space of size(m/n) and 

initialize it to off. 
Set Modified_group_count(Data_space_jwmber) to 0. 

end; 

Similarly the page modification procedure can be 
represented in pseudocode as shown as follows: 
Modify the page. 

If Modified _ group _count(Data_space_number) > Save__interval 
and Scction_is modified(pagc-address/(n*y)) is on then 

do; 

Initialize a save request 
Do i = 0 to (x/n) - 1 

If section__is_modirtcd(i) is on then 

Add pages from (i*n) to ((i*n>fn) to the 
save request 

end; 

Reset Secu'on_is_modificd to off 
Issue the save request without wailing for 
completion 

end; 

If Section __is_n:odificd(pagc-Eddrcss/(n*y) is off then 
do; /* none of the pages in this section were 
EodiSed */ 

Increment modified_group_counl(Daia_space_numbcr) by 
1. 

Set Secticn_is_.modiaed(pagc-address/(n*y) on. 

end; 

Similarly the checkpoint procedure can be represented in 
pseudocode as shown as follows: 
Do j = 1 to max(Data_spcce_niimber) 
Initialize a save request 
Do i = 0 to (x/n) - 1 

If section_is_modified(i) for data spacefj) is on 
Add pages from (i*n) to ((i*n)+n) to the 
save request 

End; 

Reset Section_is_modified for data spacefj) to off 
Issue the save request without wait for completion 

End; 

Wait for all outstanding save requests to complete. 


While the invention has been particularly shown and 45 
described with reference to a preferred embodiment thereof, 
it will be understood by those skilled in the art that various 
other changes in the form and details may be made therein 
without departing from the spirit and scope of the invention. 
For example, the various tables mentioned herein may 50 
actually be structured as described or may be split into 
multiple tables to provide for normality of data. Accord- 
ingly, the method and system herein disclosed are to be 
considered merely as illustrative and the invention is to be 
limited only as specified in the claims. 55 

What is claimed is: 

1. A method for mapping on demand a page of a data 
object contained in a database and stored in one or more 
database storage disks, wherein the database comprises one 
or more database data objects, wherein the database is 60 
accessed via a contiguous data space representation, the 
contiguous data space being represented by a plurality of 
concatenated sub-data spaces, wherein each sub-data space 
is a virtual data space of a maximum size that is addressable 
by a computer operating system, each sub-daia space com- 65 
prising a plurality of data segments, each data segment 
comprising a plurality of pages, wherein the pages in the 
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contiguous data space representation are contiguous, each 
page comprising a known number of addressable storage 
locations, wherein the contiguous data space, the sub-data 
spaces, the data segments, and the pages are addressable by 
a database management system, wherein the address of a 
page to be mapped has been determined to be placed in a 
data segment of a sub-data space, the method comprising the 
steps of: 

(1) determining whether the sub-data space has been 
created for representation in the contiguous data space; 

(2) creating the sub-data space for representation in the 
contiguous data space if step (1) determines that the 
sub-data space has not been created in the contiguous 
data space; 

(3) creating a segment bit map for the sub-data space if 
step (1) determines that the sub-data space has not been 
created in the contiguous data space, wherein said 
segment bit map comprises a plurality of bits, each bit 
representing a data segment contained in the sub-data 
space and indicating whether said data segment has 
been mapped to the database storage disk; 

(4) determining if a bit in said segment bit map is equal 
to a predetermined value, wherein said bit corresponds 
to the data segment of the sub-data space containing the 
page to be mapped, and said predetermined value 
indicates that the data segment corresponding to said 
bit has been mapped to the database storage disk; 

(5) mapping a data segment of the data object from the 
database storage disk to the data segment of the sub- 
data space, wherein said data segment from the data- 
base storage disk contains the page to be mapped, and 
said mapping occurs if step (4) determines that said bit 
in said segment bit map does not equal said predeter- 
mined value; and 

(6) setting said bit in said segment bit map to said 
predetermined value, wherein said setting occurs when 
step (5) is performed. 

2. The method of claim 1, wherein the page to be mapped 
is to be modified, thereby creating a page to be modified, 
comprising the further steps of: 

(7) determining whether said page to be modified requires 
a new mapping to the database storage disk; 

wherein if step (7) determines that said page to be 
modified requires said new mapping to the database 
storage disk, the method comprise the further steps of: 

(8) copying said page to be modified to another work 
space in computer memory and modifying said page to 
be modified in said another work space in computer 
memory; 

(9) allocating a new database storage page in said data- 
base storage disk; 

(10) determining whether a mapping request to map said 
page to be modified to said new database storage page 
in said database storage disk can be combined with a 
prior mapping request, wherein said prior mapping 
request maps a second page in the sub-data space to a 
second database storage page in said database storage 
disk and said page to be modified is adjacent to said 
second page in the sub-data space; 

(11) issuing said prior mapping request if step (10) 
determines that said mapping request cannot be com- 
bined with said prior mapping request and said prior 
mapping request exists; 

(12) copying said second page of said prior mapping 
request from said another work space in computer 
memory if step (11) issues said prior mapping request; 
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(13) preparing said mapping request if step (11) issues 
said prior mapping request or said prior mapping 
request does not exist; and 

(14) combining said mapping request with said prior 
mapping request if step (10) determines that said map- 5 
ping request can be combined with said prior mapping 
request. 

3. A computer system for mapping on demand a page of 
a data object contained in a database and stored in one or 
more database storage disks, wherein the database com- 10 
prises one or more database data objects, wherein the 
database is accessed via a contiguous data space represen- 
tation, the contiguous data space being represented by a 
plurality of concatenated sub-data spaces, wherein each 
sub-data space is a virtual data space of a maximum size that 15 
is addressable by a computer operating system, each sub- 
data space comprising a plurality of data segments, each data 
segment comprising a plurality of pages, wherein the pages 
in the comiguous data space representation are contiguous, 
each page comprising a known number of addressable 20 
storage locations, wherein the contiguous data space, the 
sub-data spaces, the data segments, and the pages are 
addressable by a database management system, wherein a 
page to be mapped has been determined to be placed in a 
data segment of a sub-data space, comprising: 25 
first determining means for determining whether the sub- 
data space has been created for representation in the 
contiguous data space; 
sub-data space means for creating the sub-data space for 3Q 
representation in the contiguous data space if said first 
determining means determines that the sub-data space 
has not been created in the contiguous data space; 
bit map means for creating a segment bit map for the 
sub-data space if said first determining means deter- 35 
mines that the sub-data space has not been created in 
the contiguous data space, wherein said segment bit 
map comprises a plurality of bits, each bit representing 
a data segment contained in the sub-data space and 
indicating whether said data segment has been mapped 40 
to the database storage disk; 
second determining means for determining if a bit in said 
segment bit map is equal to a predetermined value, 
wherein said bit corresponds to the data segment of the 
sub-data space containing the page to be mapped, and 45 
said predetermined value indicates that the data seg- 
ment corresponding to said bit has been mapped to the 
database storage disk; 
mapping means for mapping a data segment of the data 
object from the database storage disk to the data 50 
segment of the sub-data space, wherein said data seg- 


ment from the database storage disk contains the page 
to be mapped, and said mapping occurs if said second 
determining means determines that said bit in said 
segment bit map does not equal said predetermined 
value; and 

setting means for setting said bit in said segment bit map 
to said predetermined value, wherein said setting 
occurs when said mapping means is performed. 

4. The computer system according to claim 3, wherein the 
page to be mapped is to be modified, thereby creating a page 
to be modified, further comprising: 

third determining means for determining whether said 
page to be modified requires a new mapping to the 
database storage disk; 

wherein if said third determining means determines that 
said page to be modified requires said new mapping to 
the database storage disk, the computer system further 
comprising: 

first copying means for copying said page to be modified 
to another work space in computer memory and modi- 
fying said page to be modified in said another work 
space in computer memory; 

allocating means for allocating a new database storage 
page in said database storage disk; 

fourth determining means for determining whether a 
mapping request to map said page to be modified to 
said new database storage page in said database storage 
disk can be combined with a prior mapping request, 
wherein said prior mapping request maps a second page 
in the sub-data space to a second database storage page 
in said database storage disk and said page to be 
modified is adjacent to said second page in the sub-data 
space; 

issuing means for issuing said prior mapping request if 
said fourth determining means determines that said 
mapping request cannot be combined with said prior 
mapping request and said prior mapping request exists; 

second copying means for copying said second page of 
said prior mapping request from said another work 
space in computer memory if said issuing means issues 
said prior mapping request; 

preparing means for preparing said mapping request if 
said issuing means issues said prior mapping request or 
said prior mapping request does not exist; and 

combining means for combining said mapping request 
with said prior mapping request if said fourth deter- 
mining means determines that said mapping request 
can be combined with said prior mapping request. 
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Detailed Description 
Claims 

Detailed Description 

. . . above operates with a runtime library repository that can be 
modified 

and tailored to optimize database access calls and to optimize the 
generation of SQL strings for a particular database. In a particularly 
preferred embodiment, the invention provides an object language 
software 

program as described above, wherein the software program provides the 
ability to synchronize internal data and/or objects on the micro 
computer 

or virtual machine emulator system with an external data store and to 
provide transparent persistence of data 

and/or objects between the internal and external data stores, 

In a particularly preferred embodiment, the invention provides an 

object 

language software program as described above, wherein the 
synchroni zation 

and transparent persistence is implemented through ... hie . or are 
otherwise 

available on the internet as publications, 

1 hi one embodiment, the mapping information, rules, or metadata can 
be 

maintained in a human-readable forniat and can be interpreted by an 
application to apply the rules to data objects. This information can 
be 

stored directly in the data source or can be stored in... 

...is called a "repository". This repository provides an easily 
maintainable and transportable format for the mapping 3o rules. 
Therulesandjavaobjectrelationshipscanbeupdated, orotherwisechanged, 
dynamically even while other rules or object relationships in the 
repository are being used to perform conversions. The rules and 
relationship definitions can be embedded in standard formats such as 
in 

Java . . . 

...proliferation of the rules to other sites where the rules can be 
used to 

access objects (which can be bundled with the rules), used to derive 
other rules, etc. In a particularly preferred embodiment, this 
repository 

is in an XML (extensible markup language) format, and the object model 
definitions can also be present in an ...CocoBase Enterprise 
Object/Relational Software package (hereafter CocoBase) , which 
includes 

the software tool CocoAdmin. Such updated software package, is 
available, 

or is available shortly, from Thought, Inc., San Francisco, 
California . 


An . 


...CocoAdmin provides a mechanism for the export of maps defined 
against a 

database into a modifiable XML format. This facility allows a system 
user 

to select an existing map(s) to be exported, and to also specify the 
filename of the XML document to... 

...edited using a standard text editor or XML editor, and can be 
modified 

to reflect map custoinization requirements. The following discussion 
relates to specific features of the generated XML file. 

The basic repository format has CBObj ect (CocoBase object class) 
definitions that reflect the select, insert, update, delete and call 
related map definitions for a CocoBase map. Each of those operations 
further consists of tables, fields and clauses 

thatmayexisttospecif yhowtheobjectismappedtoandf romthedata source . 

XML files contain a DTD (document type definition) entry which 
describes 

the structure of the tags and data contained in the file. The DTD only 
checks for the existence of required elements, but... 

...of those elements. Given this desired degree of freedom, it is 
possible 

to enter invalid map information which will not be processed properly 

to avoid improper editing. Ea general, modifications should be 
restricted 

to the schema, table, and field name variables in the Tables and 
Fields 

entries. These variables may require different values when they are 
exported from one database instance, and imported into another. 

To begin exporting a set of maps, select File->Export YJ%AL Map 
Repository from the CocoAdmin pull-down menu. Multiple maps can be 
selected by holding down either the <Shift> or <Contro> when 
selecting the connection and map(s) to export. 

When Next > is pressed in the dialog box provided, the list of 
selected maps will be presented in a list and the window will prompt 
for 

a final acknowledgement of export. 
The XML repository f ilenameCocoBase 

CocoAdmin provides a mechanism for importing XML based CocoBase map 
definitions, or for importing an XMI object model definitions and then 
generating corresponding XML based CocoBase map definitions. Using the 
XML syntax defined in the thought 
cocodemo3 t ier3 1 


demos 
resources 

coco, dtd template file, CocoAdmin can import maps previously defined 
and exported from a different database or from a different object 
instance. The XML files generated from CocoAdmin will be validated 
against the DTD, and a... XML map definition from the CocoAdmin GUI 
select 

File->Import XML Map Repository from the pull-down menu or Import 
XA11L Map Repository ftom the popup menu in the main CocoAdmin dialog. 
Import an XML based map definition by selecting the database 
connection 

into which the import is to occur, and click the Browse button to 
find. . . 

filename appears in the initial Import dialog. After the Next > button 
is pressed, the selected maps are compared with those already in the 
database. If a newer version of a map already exists in the database, 
by 

default a Rag is set to retain the newer version. If the maps being 
imported are newer than the ones already in the database, then by 
default, a flag is set to import each of the newer ones. When... 

...user can override any flags before the task is initiated. For 
example, 

if the XML maps are older than the versions already in the database, 
this 

condition causes the Already Exists? flag to be checked and the XML 
map 

definitions will not be imported unless the user overrides this flag 
by 

checking the Import/Overwrite? box. 

When a user clicks the Import XML Repository button as described 
above, 

maps marked for import will automatically be integrated into the list 
of 

maps in the CocoBase ... standard text editor can be used for this 


operation. Most common edits consist of changing column names, 
table names, andlessf requently, theschema namesof thetablesandthef ields 
that the map may access. 

The CocoBase Programmer's Guide available at the www.thoughtine.com 
website provides farther information about how to work with XML format 
maps and CocoBase, which published document is incorporated herein by 
reference. This document also explains how to set CocoBase (or 
CocoAdmin 

of CocoBase) and its runtime modules to cache maps that an application 
will be using in order to speed up user access. Other user... 

...For example, one URL option in CocoBase is to specify an XML 
repository 


for the maps that an application will be using. Instead of using the 
database repository, the runtime can use an XML repository 
exclusively . 

This teclu f lique allows CocoBase to execute against a production 
database 

that cannot be modified with map definition tables. Optional mapping 
server plug-ins are also described. 

Data source maps according to the present invention may be utilized to 
generate application programming code, ...most commercial 3o 
Application 

Servers and Enterprise Java Bean Servers. A complete list of pre- 
configured targets can be viewed from the Connections window in the 
Generate Java wizard of CocoAdininwith data source specific 
nondelegation 

database access code can be avoided by generating code, which 
delegates 

the database access functions to CocoBase runtime libraries. Only 
CocoBase is believed to utilize this type of code that results in 
dynamic 

O/R mapping system capabilities. 


9 A computer system accordingmaps , or accessing objects on a system to 
make data changes related to a particular object and to promulgate the 
changes to that object as either local or global changes on the 
computer 

system. I 10. A computer system according to claim 9, wherein the 
mapping 

system portion provides an interface permitting an authorized user to 
edit or create the tables, fields, or attributes of a data map for an 
object as a table format or XML file format without requiring the user 
to 

have extensive knowledge of a particular relational database as a 
source 

of the data, or extensive knowledge about how to directly access that 

relational 

database. I 

I 11. A computer system according to any of claims I to 1 0, wherein 
the 

mapping system provides an interface and features that permit a user 
to 

access, create, or update the metadata of a map as a dynamic computer 

system update, without requiring the user to either open a new 
connection 

to the data source or to restart an object application program that is 
running while the user is dynamically evaluating or changing metadata 
for 

a map, and wherein the metadata of a map that a user can dynamically 
evaluate or change includes a map description of data or relationships 
between data, and wherein such map description is at least one member 
selected from the group consisting of a data source relationship, a 
relationship between at least two objects of an object application, lo 
and both a data source relationship and a relationship between at 
least 

two objects of an object application, i 12. A local or distributed 
computer system which is an intranet, internet or... a larger computer 
system, i 13. The computer system of claim 12, further comprising a 
mapping system wherein Object programming applications are tailored to 
delegate both the accessing of a data source and the generation of SQL 
strings to a runtime library repository, which repository can access 
the 

database directly or through a database driver, such as a JDBC driver, 
without the need to embed specific database accessing mechanisms in 
the 

application code, and wherein the persistence manager calls the 
mapping 

system and in the call delegates accessing or updating of data in the 
data source . . . 

...primary data source I I or record upon completion, including commit 
or 


roll-back of changes for both data sources. 

14 The computer system of claim 13, wherein ...and is not merely a 
duplicate of the micro computer system data source. 

15 A object language software program that can run in a micro computer 
system according to any of... 

. . .machine that emulates such a micro computer system, and can 
generate 

application programming code from database maps and ...system, which 
delegates to a runtime library repository both of the functions of 
accessing a database and generating SQL strings that are specific to a 
database or to a JDBC driver for a type of database. 
I 

16 An object language software program according to claim 15, wherein 
the 

runtime library repository can be modified and tailored to optimize 
database access calls and to optimize the generation of SQL strings 
for a 

particular database, i 17. An object language software program 
according 

to claim 16, wherein the software, program provides the ability to 
synchronize internal data and/or objects on the micro computer or 
virtual 


machine emulator system with an external data store and to provide 
transparent persistence of data and/or objects between the internal 
and 

external data stores. 

18 An object language software program according to claim 17, wherein 
the 

synchronization and transparent persistence is implemented... 
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tion and mapping system which relates in general to corre- 
lating or translating one type of database to another type of 
database or to an object programming application. Corre- 
lating or translating involves relational to object translation, 
object to object translation, relational to relational, or a 
combination of the above. Thus, the present invention is 
directed to dynamic mapping of databases to selected 
objects that can be used on both a micro computer system 
and in a larger computer system. Also provided are systems 
and methods that optionally include caching components, 
security features, data migration facilities, and components 
for reading, writing, interpreting and manipulating XML and 
XMI data flics. 
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mosi appropriate data may not be accessed. Further, depend- 
ing upon the amount of data available in a data store and the 
number of metadata maps available, the selection process 
may become very slow and cumbersome. 

[0153] However, there is a definite need for translating 
between a wide variety of different data formats, other than 
just the relational to object translation of the basic system of 
U.S. Fat. No. 5,857,197. There is also a need for transmitting 
quickly and easily between various types of databases. 
Further, there is also a need for editing or otherwise altering 
data exchanged between databases for the purpose of facili- 
tating object applications. The basic system of U.S. Pat. No. 
5,857,197 needs further support to facilitate expeditious 
operation, both for its basic system and for modifications to 
its system that will accommodate belter security and for 
selectivity of data. 

[0154] Accordingly, there will be a substantial advantage 
in generating XML data documents for exchange between 
parties to carry out commercial transactions. Conversion to 
XML will also facilitate the use of data sources or data 
architecture other than relational databases. Examples of 
such mapping include object-to-object mapping and JAVA to 
object mapping. Once algorithms translating between XML 
and object formats are standardized, translations between 
any type of system can lake place seamlessly and very 
quickly. Mapping can also include the use of JAVA Server 
Page (JSP) format. 

[0155] Once editing has took place either for the metadata 
maps or even the production data from the dalaslore, 
changes can be recorded in the operation of snapshots so that 
a record of the map or other data at various times can be 
studied. As a result, dala management paradigms can be 
developed. Normally such snapshots are made at the loca- 
tion of the party requesting the data (such as the object 
application user) once map modification is completed. The 
modified files can then be placed in a source code manage- 
ment system. 

[0156] The dynamic mapping of the present invention can 
be applied where a Java object provides translation by 
mapping such an object to first data source (either relational 
or object) can also by mapping such an object to an XML for 
a second format database. This arrangement allows greater 
control as to how the data steps arc exchanged, filtered, and 
validated by exchanging data. 

[0157] While a number of preferred embodimenls of the 
present invention have been discussed by way of example, 
the present invention is not to be limited thereby. Rather, the 
present invention is to be construed as including any and all 
variations, modifications, permutations, adaptations and 
embodiments that would occur to one skilled in this art once 
having been taught the present invention. 

I claim: 

1. A micro computer system comprising at least one data 
source and a mapping system wherein object programming 
applications arc tailored to delegate both the accessing of a 
data source and the generation of SQL strings to a runtime 
library repository, which repository can access the database 
directly or through a database driver, such as a JDBC driver, 
without the need to embed specific database accessing 
mechanisms in the application code. 


2. A sysiem according to claim 1, wherein the micro 
computer system is an embedded device that is a portion of 
a larger system other than a traditional desktop or laptop 
computer. 

3. A system according lo claim 2, wherein the embedded 
system is a portable or cellular phone, an automobile com- 
puting system, part of a home electronic sound or entertain- 
ment system, a portable sound or entertainment system, an 
electronic security system, a smart video game console, or a 
combination thereof. 

4. A system according lo claim 1, wherein the micro 
computer sysiem is a standalone computer system other than 
a traditional mainframe, desktop, or laptop system. 

5. A system according to claim 4, wherein the standalone 
computer is smart mobile phone, a personal organizer, a 
portable stock market trading device, a hand held computer 
or a PDA. 

6. A system according to claim 5, wherein standalone 
computer is adaptable to or includes portable internet access. 

7. A system according lo claim 1, having a concurrent 
parameter setting mechanism wherein the runtime library 
repository can be set to access a particular data source and 
to generate data source specific database calls and SQL 
strings. 

8. A computer sysiem according lo claim 1, wherein Ihe 
mapping system portion is designed to provide different 
maps for particular objects to different users and does not 
permit direct access of computer system users to JDBC 
drivers for any mapped data sources of the computer system, 
and wherein the mapping system provides varying levels of 
access to the mapped data sources for at least two different 
users of the same system, whereby a user only has access to 
a particular list of maps that arc available to the security 
level of that user. 

9. A computer system according to claim 1, wherein the 
mapping system portion is designed to provide to a system 
user who is accessing, creating or updating maps, or access- 
ing objects on a sysiem to make data changes related to a 
particular object and to promulgate the changes to that 
object as either local or global changes on the computer 
sysiem. 

10. A computer system according to claim 9, wherein the 
mapping system portion provides an interface permitting an 
authorized user to edit or create the tables, fields, or 
attributes of a data map for an object as a table format or 
XML file format without requiring the user to have extensive 
knowledge of a particular relational database as a source of 
the data, or extensive knowledge about how to directly 
access that relational database. 

11. A computer system according to claim 1, wherein the 
mapping sysiem provides an interface and features that 
permit a user to access, create, or update ihe metadata of a 
map as a dynamic computer sysiem update, without requir- 
ing the user to cither open a new connection to the data 
source or to restart an objeel application program that is 
running while the user is dynamically evaluating or chang- 
ing metadata for a map, and wherein the metadata of a map 
that a user can dynamically evaluate or change includes a 
map descriplion of dala or relationships between data, and 
wherein such map description is at least one member 
selected from the group consisting of a data source relation- 
ship, a relationship between at least two objects of an object 
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application, and both a data source relationship and a 
relationship between at least two objects of an object appli- 
cation. 

12. A local or distributed computer system which is an 
intranet, internet or satellite communicated system, wherein 
the local or distributed system includes a micro computer 
system or an embedded system comprising a fully synchro- 
nized data system and an O/R repository that permits 
persistence and synchronizing of data between a data source 
on the micro computer system and a main data source on a 
larger computer system. 

13. The computer system of claim 12, further comprising 
a mapping system wherein object programming applications 
are tailored to delegate both the accessing of a data source 
and the generation of SQL strings to a runtime library 
repository, which repository can access the database directly 
or through a database driver, such as a JDBC driver, without 
the need to embed specific database accessing mechanisms 
in the application code, and wherein the persistence manager 
calls the mapping system and in the call delegates accessing 
or updating of data in the data source to the repository layer, 
and wherein the a persistence monitor does not complete a 
transaction until it is notified by the mapping system that a 
data source has been updated by the mapping system such 
that any changes to the data will automatically be synchro- 
nized with the primary data source or record upon comple- 
tion, including commit or roll-back of changes for both data 
sources. 

14. The computer system of claim 1 3, wherein at least one 
temporary data source can be set up on a microcomputer 
system or embedded system and is synchronized with the 
persistence monitor with a data source on a larger system 


wherein the larger system can be accessed by a JDBC driver 
and is not merely a duplicate of the micro computer system 
data source. 

15. A object language software program that can run in a 
micro computer system according to claim 1, or in a virtual 
machine that emulates such a micro computer system, and 
can generate application programming code from database 
maps and thereby provide a programming application that 
will run on a micro computer system, which delegates to a 
runtime library repository both of the functions of accessing 
a database and generating SQL strings that are specific to a 
database or to a JDBC driver for a type of database. 

16. An object language software program according to 
claim 15, wherein the runtime library repository can be 
modified and tailored to optimize database access calls and 
to optimize the generation of SQL strings for a particular 
database. 

17. An object language software program according to 
claim 16, wherein the software program provides the ability 
to synchronize internal data and/or objects on the micro 
computer or virtual machine emulator system with an exter- 
nal data store and to provide transparent persistence of data 
and/or objects between the internal and external data stores. 

18. An object language software program according to 
claim 17, wherein the synchronization and transparent per- 
sistence is implemented through communication between 
directly connected systems or by indirectly communicated 
machines via telephone, intranet, internet, or satellite com- 
munication, or through a combination thereof. 

***** 
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Detailed Description 

... being opened, the object-relational mapping tool proceeds to state 
3 

12. 


However, if the object-relational mapping tool determines that the 
request received is to import a relational database schema, the object 
-relational mapping tool imports the schema (state 304) . In this 
state, 

the mapping tool imports the database schema using the Java database 
connectivity API (JDBQ available from Sun Microsystems of Palo Alto, 
California. JDBC is a Java... 


...and interfaces written in the Java programming language. JDBC 
provides a 

standard API for tool/database developers and makes it possible to 
write 

database applications using a pure Java API. JDBC is described in 
greater 

detail in Hamilton, Cattell, and Fisher, JDBC Database Access with 
Java, 

AddisonWesley (I 997), which is incorporated herein by reference. 

When a database schema is imported, database data structures are 
created 

to reflect both the views and the tables found in the database schema. 
For example, if the database schema II 8 depicted in Figure 2 was 
imported, the object-relational mapping tool would create seven data 
structures, five data structures for each of the five views 206, 208, 
210, 212, and 214 and two data... 

. . .dependency. 

After a database schema has been imported, the mapping tool deten- 
nines 

if automatic mapping has been previously requested (state 306) . The 
mapping tool contains an edit menu which allows the programmer to 
specify 

if automatic mapping is to take place during the importation process. 
There are three types of automatic mapping performed by the mapping 
tool . 

In the first case, the mapping tool will automatically map all tables 
and 

all views. In the second case, the mapping tool will automatically map 
only the base tables and not any views. In the third case, the mapping 
tool will automatically map only top level views and tables, in which 
case only tables and views upon which there are no dependencies will 
be 

mapped. With this latter option, the mapping tool maps the highest 
level 

view of a table or the table itself if there are no views defined on 

that 

table . 

For example, if the database schema II 8 depicted in Figure 2 were 
imported, and the automatic mapping feature were previously set to map 
all views and tables (i.e., type one), the object-relational mapping 
tool 

would automatically map the data structures associated with all five 
views, 206, 208, 210, 212, and 214 and both tables, 202 and 204. On 
the 

other hand, if automatic mapping feature was previously set to map 
only 

top level views and tables (i.e., type three), the object-relational 


mapping tool would only automatically map the data structures 
associated 

with West Coast Employee view 214 and the Employee Withholding view 
212. 

If the automatic mapping feature is set in state 306, the object 
-relational mapping tool generates an object model reflecting each 
data 

structure that is to be automatically mapped (state 308) . The object 
model 1 16 represents an intermediate form of the information for a 
class 

before it is - . . 

...information. Thus, if a particular table or view is to be mapped, 
the 

object-relational mapping tool will create a corresponding object in 
the 

object model. If, on the other hand, a particular table or view is to 
be 

unmapped, then the object-relational mapping tool will delete the 
corresponding object in the object model. 

In addition, based on the attributes of a particular database 
structure, 

the object-relational mapping tool will set various flags that serve 
to 

notify the object-relational mapping tool to generate methods 
corresponding to the flags when the source code is generated. Thus... 

. . .mapping tool will set a flag so that modifier methods for the 
view ' s 

corresponding field (s) in the mapped class will be generated in the 
source code. 

Once the object model has been created, the object-relational mapping 
tool creates a source code file containing classes represented by the 
object in the object model (state 3 10). In particular, the object 
-relational mapping tool will generate classes with methods and data 
members that represent the object model. Thus, for instance, if a 
particular mapped object, representing a view, is read-only, then only 
"get methods" for all fields of... 

...to read-only, the object-relational mapping tool will only create 
"get 

methods" for each field of the class. Also, the modifier and accessor 
methods for these classes can be enabled or disabled selectively as 
part 

of the mapping customization process. 

The states perforined by the object-relational mapping tool when 
generating a source code file from an object model, the importation of 
a 


database schema, and the generation of an object model from an 
imported 

database schema, are described in greater detail in co-pending U.S. 
. . .An Integrated Graphical User Interface Method and Apparatus for 
Object-to-Database and Database-to-Object Mapping" which has 
previously 

been incorporated by reference and in co-pending U.S. Application No. 

r 

entitled "Integrating Both Modifications To An Object Model And 
Modifications To A Database Into Source Code By An Object-Relational 
Mapping Tool" which has previously been incorporated by reference. 

After the source code is automatically generated... 

...or if the mapping tool is merely opening a previously saved 
imported 

database schema, the object-relational mapping tool displays the 
mapping 

status in a user-interface mapping 
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(57) ABSTRACT 

An object-relational mapping tool that can process views is 
provided. In processing views, the object-relational mapping 
tool identifies the dependency relationship between the 
various views and tables and allows the programmer to 
customize the mapping that will occur by selectively deter- 
mining which tables and views get mapped. This customi- 
zation allows the mapping tool to map an individual table or 
view or to map (1) all tables and views, (2) all tables only, 
and (3) tables and views for which there are no dependen- 
cies. Also, the mapping tool allows the programmer to view 
and set the updatability of a particular view or table. 

26 Claims, 9 Drawing Sheets 
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methods) can be selectively overridden by the programmer 
by interfacing with the class information window 502 in 
FIG. 5, which was discussed above. 

If the programmer did not choose to modify the updat- 
ability of a particular table or view, or if the programmer was 
unable to modify the updatability of a particular table or 
view, or if the programmer successfully modified the updat- 
ability of a particular table or view, the programmer can now 
determine whether or not to manually map a particular table 
or view (state 326). If the programmer decides not to 
manually map a particular view or table, processing ends. 

However, once the programmer decides to manually map 
a table or a view in state 326, the programmer must next 
select the table or view to map (stale 328). A table or view 
is manually mapped by interacting with the user-interface 
mapping display window 400 depicted in FIG. 4. First, the 
programmer selects a particular table or view (e.g. view 
418). By selecting a particular table or view, the user- 
interface mapping tool highlights the entire row of informa- 
tion associated with the selected table or view (e.g. view 
418). Next, the programmer simply selects the selection 
button (417) associated with the highlighted row (e.g. view 
418). Once the appropriate selection is made and the object- 
relational mapping tool produces a selection box 424, the 
programmer simply toggles the selection 424, thereby 
instructing the object-oriented mapping tool to either map or 
unraap the selected table or view. 

In response to the manual mapping request in state 326, 
the object-relational mapping tool determines whether the 
request is to map a table or to map a view (state 328). If the 
programmer requests to map a view, the object-relational 
mapping tool displays a view dependency window (state 
330). The view dependency window 702 depicted in FIG. 7 
is automatically displayed by the object-relational mapping 
tool when the selected view 704 that is about to be mapped 
has dependent views 706 or dependent base tables 708 that 
are already mapped. The view dependency window allows 
the programmer, in conjunction with mapping the selected 
view 712 to unmap the dependent views and tables or keep 
their status unchanged 710. Once the programmer deter- 
mines whether or not to unmap or leave unchanged the 
dependent views and tables, the programmer selects the OK 
button 712 to initiate the mapping procedure. 

On the other hand, if in slate 328 the programmer was 
attempting to manually map a table, the object-relational 
mapping tool, in response to the request, will display a table 
dependency window (state 332). The table dependency 
window 802 depicted in FIG. 8 will automatically be dis- 
played by the object-relational mapping tool when the 
selected table 804 about to be mapped has dependent views 
that are already mapped 806. The table dependency display 
window allows the programmer to unmap all the views or 
keep their status unchanged 808. Once the programmer 
determines whether or not to unmap or leave unchanged the 
dependent views, the programmer selects the OK button 810 
to initiate the mapping procedure. 

Once the programmer manually selects a view or table to 
be mapped, the object-relational mapping tool generates, as 
explained above in state 308, an object model reflecting the 
table or view's data structure to be mapped (state 334). After 
the object model has been created, the object-relational 
mapping tool creates, as explained above in state 310, a 
source code file containing the class represented by the 
object in the object model (state 336). 

After the object-relational mapping tool maps the selected 
view or table, the programmer determines if any more views 
or tables require mapping (state 338). If no more tables or 


views require mapping, processing ends, otherwise the pro- 
grammer selects a new table or view to be manually mapped 
(state 328). 
Conclusion 

5 The foregoing description of an implementation of the 
invention has been presented for purposes of illustration and 
description. It is not exhaustive and does not limit the 
invention to the precise form disclosed. Modifications and 
variations are possible in light of the above teachings or may 

10 be acquired from practicing the invention. For example, the 
described implementation includes software but the present 
invention may be implemented as a combination of hard- 
ware and software or in hardware alone. The scope of the 
invention is defined only by the claims and their equivalents. 

15 What is claimed is: 

1. A method in a data processing system containing a 
database with a logical structure comprising tables and 
views, wherein the tables and views form a hierarchy, the 
method comprising: 

20 importing the logical structure of the database; 
displaying the hierarchy to a user; 
receiving an indication of a view, based on user input; and 
generating source code that reflects at least one portion of 
the logical structure of the database including at least 

25 the indicated view. 

2. The method of claim 1 wherein the generating includes: 
generating source code reflecting the tables and the views. 

3. The method of claim 1 wherein the generating includes: 
30 generating source code reflecting the views. 

4. The method of claim 1 wherein the generating includes: 
receiving user input indicating an additional portion of the 

logical structure; and 
generating source code that reflects the at least one 
35 portion and the additional portion. 

5. The method of claim 1 wherein the generating includes: 
receiving user input indicating that the at least one portion 

should not be reflected in the source code; and 
generating source code that does not reflect the at least 
40 one portion. 

6. A method in a data processing system containing a 
database with a logical structure comprising tables and 
views, wherein a plurality of the tables and views do not 
have dependencies, the method comprising: 

45 importing the logical structure of the database; 

automatically generating source code reflecting only the 
plurality of the tables and the views that do not have 
dependencies. 

7. A data processing system containing a database with a 
50 logical structure comprising tables and views, comprising: 

means for importing the logical structure of the database; 
means for displaying a hierarchy of the logical structure 
to a user; 

means for selecting a table or view, responsive to user 
input; 

means for displaying a definition of a view, responsive to 

user input; and 
means for editing an updatability status of a view, respon- 
6n sive to user input. 

8. A method in a data processing system with a database 
having a logical structure with views and tables, comprising: 

importing the logical structure of the database; 
creating a data structure representing the logical structure 
65 of the database; 

creating from the data structure an object model contain- 
ing information reflecting at least one portion of the 
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logical structure including information reflecting at 

least one view; 
creating from the object model source code reflecting the 

at least one portion of the logical structure; 
displaying the imported logical structure to a user; 5 
receiving modifications to the at least one portion from 

the user; 

updating the object model to reflect the modifications; and 
generating from the updated object model new source 
code to reflect the modifications. 10 

9. The method of claim 8, wherein the at least one portion 
has a customizable updalabilily, and wherein the receiving 
modifications includes: 

receiving a request to change the updatability status of the 
at least one portion of the logical structure, and wherein 15 
the updating the object model includes: 
checking the relational model for consistency of 

changed updatability; and 
updating the object model to reflect the change in the 

updatability status. " 

10. The method of claim 8 wherein the receiving modi- 
fications includes: 

receiving an indication of an additional portion of the 
logical structure, wherein the updating the object model 2 _ 
includes: 

creating a portion of the object model to reflect the 
additional portion, and wherein the generating 
includes: 

generating the new source code to reflect the addi- 3Q 
tional portion. 

11. The method of claim 8 wherein the receiving modi- 
fications includes: 

receiving an indication to not generate source code for the 
at least one portion, wherein the updating the object 35 
model includes: 

creating the object model such that it does not reflect 
the at least one portion, and wherein the generating 
includes: 

generating the new source code to such that it does 40 
not reflect the at least one portion. 

12. A data processing system comprising: 

a secondary storage device containing a database with a 
logical structure of tables and views, wherein the tables 
and views have an associated updalabilily status; A5 

a memory containing an object-relational mapping tool 
configured to import at least one portion of the logical 
structure including at least one view and configured to 
generate source code reflecting the at least one portion 
of the logical structure; and 50 

a processor configured to run the object-relational map- 
ping tool, wherein the object -relational mapping tool 
further includes: 

a display component for displaying the updatability 
status to a user; and 55 

an updatability modification component configured to 
modify the updatability status of the at least one 
portion of the logical structure, responsive to user 
input. 

13. The data processing system of claim 12 wherein the 60 
object-relational mapping tool contains a manual mapping 
component configured to operate after the source code has 
been generated and configured to update the source code to 
reflect an additional portion of the logical structure respon- 
sive to user input. 65 

14. The data processing system of claim 12 wherein the 
object -relational mapping tool contains a manual mapping 


component configured to operate after the source code has 
been generated and configured to update the source code so 
that it does not reflect the at least one portion of the logical 
structure responsive to user input. 

15. A data processing system with a database having a 
logical structure with views and tables, comprising: 

means for importing the logical structure of the database; 

means for creating a data structure representing the logi- 
cal structure of the database; 

means for creating from the data structure an object model 
containing information reflecting at least one portion of 
the logical structure including information reflecting at 
least one view; 

means for creating from the object model source code 
reflecting the at least one portion of the logical struc- 
ture; 

means for displaying the imported logical structure to a 
user; 

means for receiving modifications to the at least one 
portion from the user; 

means for updating the object model to reflect the modi- 
fications; and 

means for generating from the updated object model new 
source code to reflect the modifications. 

16. A computer-readable medium containing instructions 
for controlling a data processing system to perform a 
method, the data processing system containing a database 
with a logical structure comprising tables and views, 
wherein a plurality of the tables and views do not have 
dependencies, the method comprising: 

importing the logical structure of the database; 
automatically generating source code only reflecting the 

plurality of the tables and the views that do not have 

dependencies. 

17. A method in a data processing system containing a 
database with a logical structure comprising tables and 
views, comprising: 

importing the logical structure of the database; 
displaying a hierarchy of the logical structure to a user; 
selecting a table or view, responsive to user input; 
displaying a definition of a view, responsive to user input; 
and 

editing an updatability status of a view, responsive to user 
input. 

18. A computer-readable medium containing instructions 
for controlling a data processing system to perform a 
method, the data processing system containing a database 
with a logical structure comprising tables and views, 
wherein the tables and views form a hierarchy, the method 
comprising: 

importing the logical structure of the database; 
displaying the hierarchy to a user; 
receiving an indication of a view, based on user input; and 
generating source code that reflects at least one portion of 

the logical structure of the database including at least 

the indicated view. 

19. The computer-readable medium of claim 18 wherein 
the generating includes: 

generating source code reflecting the tables and the views. 

20. The computer-readable medium of claim 18 wherein 
the generating includes: 

generating source code reflecting the views. 

21. The computer-readable medium of claim 18 wherein 
the generating includes: 
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receiving user input indicating an additional portion of the 

logical structure; and 
generating source code that reflects the at least one 

portion and the additional portion. 

22. The computer-readable medium of claim 18 wherein 5 
the generating includes: 

receiving user input indicating that the at least one portion 
should not be reflected in the source code; and 

generating source code that docs not reflect the at least 
one portion. 

23. A method in a data processing system containing a 
database with a logical structure comprising tables and 
views, the method comprising: 

importing the logical structure of the database; 15 
displaying the logical structure to a user; 
selecting a table or view, responsive to user input; 
displaying mapping fields for each table and view to a 

user, wherein the mapping fields indicate a mapping 

status of each corresponding table and view of the 20 

logical structure; 
editing the mapping field for the selected table or view, 

responsive to user input; and 
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displaying the edited mapping field to the user. 

24. The method of claim 23, wherein the step of display- 
ing mapping fields further includes: 

displaying the hierarchy of the selected table or view. 

25. A data processing system containing a database with 
a logical structure comprising tables and views, comprising: 

means for importing the logical structure of the database; 
means for displaying the logical structure to a user; 
means for selecting a table or view, responsive to user 
input; 

means for displaying mapping fields for each table and 
view to a user; wherein the mapping fields indicate a 
mapping status of each corresponding table and view of 
the logical structure; 

means for editing the mapping field for the selected table 
or view, responsive to user input; and 

means for displaying the edited mapping field to the user. 

26. 'l^c data processing system of claim 25, wherein the 
means for displaying mapping fields further includes means 
for displaying the hierarchy of the selected table or view. 

***** 
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